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SULPHANILAMIDE IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS WITH SPECIAL REFERENCE TO ITS ACTION 
ON THE BLOOD SEDIMENTATION RATE. 
On 22nd March 1882 Robert Koch isolated the Tubercle 
bacillus. More than two thousand years previously 
Hippocrates (460 B.C.) had described the "Status 
Phthi si cus ". The deformed spines of Egyptian mummie 
witness to the ravages of the Tubercle .bacillus a thods 
and years even before the time of Hippocrates. ho 
one has discovered when the disease started. But 
Koch's triumph opened a new chapter in the history of 
Medicine: tie cause of Tuberculosis was known and 
subsequently new strides were made in every direc- 
tion - in prevention and in treatment of the disease. 
For the detection of Tuberculosis and for the 
propagation of knowledge concerning the disease 
there was founded in 1887 the first Tiberculo si s Lei s- 
pensary. This was the Victoria Dispensary in Edin- 
burgh. After the dispensary came other institutions 
for dealing with Tuberculosis, sanatoria, hospitals, 
farm colonies, village settlements and open -air school s.. 
One of the earliest sanatoria was opened in Edin 
burgh in 1894. It was called "The Royal Victoria Hos 
pital for Consumption and Diseases of the Chest." Th- 
observations on Sulphanilamide treatment of pulmonary 
tuberculosis in this Thesis were made during the 
writer's appointment in 1939 as Resident House Physi- 
cian at The Royal Victoria Hospital. In the course 
of six months observations were made on l8` specially 
chosen cases of pulmonary tuberculosis. 
The term consumption is no longer used synony- 
thously with pulmonary tuberculosis - early diagnosis 
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of the disease is now held to be of paramount impor- 
tance. In .this respect the advent of radiology might 
be .considered in tuberculosis second only in merit to 
the discovery of Koch' s bacillus. 
There is reason to believe that in the majority of 
cases of pulmonary tuberculosis radiological signs of 
¡disease precede symptoms. Until this fact is fully 
appreciated., however, and until facilities for radio - 
logical examination are extended. enormously, patients 
will continue to expect their practitioner tO make an 
early diagnosis in a disease which usually has no signs 
and often has no symptoms until well established. It 
is a source of grave ani. ety to all workers in this 
branch of medicine that, of the cases notified as suf- 
fering from pulmonary tuberculosis, same two- thirds al- 
ready have the disease in a moderately or far advanced 
form at the time of diagnosis. 
In spite of the great advances in treatment made 
in the last twenty years, young persons still die from 
pulmonary tuberculosis. In the prime of life they are, 
incapacitated for varying periods of one or two years 
and have to spend this time in institutions. Often 
the patient is the breadwinner upon whom others are 
dependent. 
It is both interesting and instructive to compare 
the statistics of the Royal Victoria Hospital in the 
earliest days of its existence with those of today. 
Thus :- 
3. 






Cases Admitted: 160 431,. 
Average age: 
Both sexes 25.5 26.2 
Males 27.6 27.d 
Females 2z.6 24. o 
The similarity of these two sets of figures,which 
I calculated from available records, is indeed strik- 
ing. The maximum age -incidence of pulmonary tuberculo- 
sis has not altered. It is still in the twenties. 
In 1935 there were 27,415 deaths from pulmonary 
tuberculosis in E igland, Scotland and Thies: of these 
approximately one third (31%) were in the age group 
15 -35. Yet, despite this huge total, the mortality 
rate for the diseae has much decreased. 
Deaths from Pulmonary Tuberculosis per 100,000 populatilo 
Year : 1899 241. 
1935 74. 
How far the decrease is due to man's labours is a 
doubtful matter; natural influences may have played 
a large part. It is .obvious, however, that the dis - 
ease is still a menace to human life. 
For the period January 1937 - June 1939 the aver- 
age stay of each patient in the Royal Victoria Hospit- 
al was 183 days. Included in this figure were patients 
who left hospital prematurely against medical advice; 
some who were transferred, shortly after admission, to 
other hospitals; a few who died before they could_ be 
.transferred. The usual stay in this sanatorium is 
therefore in excess of-six months. Any new remedy oF 
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therapeutic measure which will curtail the period of 
disablement, or lower the mortality rate, still fur- 
ther from pulmonary tuberculosis is something not to 
be despised. 
When Ehrlich discovered salvarsan in 1909 chemo- 
therapy became an established science. Nevertheless 
there was not for many years after this a discovery of 
comparable importance in this branch of medicine. 
Other, less toxic, preparations of arsenicals were pro 
duced. Diseases besides syphilis were found to re- 
spond. to the organic arsenicals. Vaccines and sera en- 
joyed a boom. Sanocrysin and allied gold preparations 
were tried extensively in tuberculosis and in arthritis. 
But in 1935 chemotherapy again came into prominence. 
Domagk (1955). introduced the compound. Pron- 
tosil as a remedy for streptococcal infections. Its 
activity was confirmed and. it was followed by many 
(similar drugs - proseptasine, soluseptasine, rubiazol, 
sulphanilamide etc. Other organisms besides the 
streptococcus were also found to be susceptible to the 
drug. Although the mode of action was uncertain it 
seemed that the drug underwent a chemical change, pos -. 
sibly oxidation, in the body. But the activity of the 
sulphanilamide. group of drugs was proven beyond all 
doubt and it was realized. that important progress had 
been made. 
The life - saving potentialities of the sulphanila- 
mide compounds could be seen from the following two 
statements: 
(1) The Medical Research Council Report for l93ó stated 
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that until recently more than twelve hundred women in 
the full vigour of life had been dying every year from 
puerperal fever. 
(2) At Queen Charlotte's Hospital, London, the death= 
rate from puerperal sepsis was reduced from 24 per cent, 
in 1935 to 4.7 per cent. in 1936 when prontosil was 
first used. Such figures fully justified the hopes 
of Dornagk,. who had obtained. results in experimental 
streptococcal infections in mice which seemed almost 
"too good to be true". He, it was, who introduced a 
noteworthy successor to prontosil - the drug called 
uleron - which was believed to be More effective 
against the staphylococcus and gonococcus than its 
predecessor. 
It was the writer's privilege to use this drug 
on a case for the first time in Edinburgh (it was then 
called diseptal) early in the autumn of 1937. The 
case in question (unpublished) was that of staphylo- 
coccal septicaemia supervening in a young girl of 19 
who was suffer:.ing from ulcerative colitis. Although 
her hectic temperature was controlled and reduced, 
temporarily, to normal by the drug, the termination 
was unfortunately fatal owing to the onset of broncho- 
pn etU1öfi e 
The most potent sulphanilamide -derivative which 
has hitherto been tested extensively is the drúg known 
as "ai & B 693 ". It is particularly active against 
the 'pneumonococcus. 
But while the therapeutic applications of sulphari- 
ilamide and -its derivatives are legion, these drugs are 
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not a panacea. Knowledge is steadily growing con - 
cerning their toxic effects - effects which are some- 
times serious, occasionally fatal. And there is a 
danger - by no means negligible - that treatment in 
the future will begin with administration of sulphan- 
ilamide and not with the making of a correct diagnosis. 
Such abuse of the drug might well occur in a busy 
- 
general practice, for, though I cannot vouch for the 
absolute accuracy of the tale, I have heard of a prac- 
titioner in an English provincial town who disposed 
of 60 panel patients within an hour : Had. he pre- 
scribed sulphanilamide for them all (it did not then 
exist) he might have disposed of 120 in the same per - 
iod of time 
The success of sulphanilamide is claimed in so 
many diseases - cérebro- spinal fever, otitis media, 
pneumonia, small -pox, malaria, trachoma and tetanus to 
quote but a few - that it is surprising to find a 
dearth of information concerning its action in tubercu= 
losis. 
In pulmonary tuberculosis- there ?s very freauentlÿ 
la mixed infection - streptococci are found in the pul 
monary lesion as well as tubercle bacilli. Their 
role is uncertain. Stanley Griffith (1924) thinks 
that the associated bacteria may be saprophytes which 
grow in pus and play no part in the pathological pro - 
cess, or that they may be pathogenic organisms which 
invade the tissues and contribute to the destruction 
caused by the tubercle bacilli. If the latter be true, 
then benefit might be expected from sulphanilamide by 
¡reason of its anti - streptococcal action. 
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It is therefore interesting that, prior to the time 
the present -investigation was carried out, I have been 
unable to find any published work on the action of' su1- 
phanilamide in human. pulmonary tuberculosis, 
Birkhang (1939) has shown experimentally that 
sulphanilamide does exert, beyond all reasonable 
doubt, an inhibitory effect on the bovine tubercle bac- 
illus in guinea -pigs. Rich;and Follis (1938) and. at 
least three other sets of workers had previously de- . 
monstrated a similar inhibitory effect against the 
human .strain of bacillus. 
Negative results were obtained by Smithltarra, 
(1938) by Levin (1939), and by Kolrner, Rai4 iss and 
Rule (1938). But one observes that all these workers 
administered the drug for strictly limited periods of 
time - varying from 8 to 30 days. Would not they 
have obtained positive results if the administration 
had been more prolonged ? 
Similarly, if results in humans have so far been 
negative and considered unworthy of publication,might 
not a more prolonged course of sulphanilamide have 
produced surprising and gratifying results ? Could 
this drug not help - even one iota - in the conquest 
of human tuberculosis ? 
It was with a view to answering- these questions 
that the investigations were carried out and that this 
Thesis came to be written. 
To minimize the risk of to do effects from pro- 
longed dosage I chose, for the experiment, the French' 
preparation rubiazol,which has been widely used ón 
the continent and is. probably least toxic of all 
the 
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derivatives of sulphanilamide. It is so closely- 
allied to sulphanilamide in. structure and action 
that one may reasonably assume that good results ob- 
tained with one drug will be identical with those 
which could be achieved. with the other. 
Messrs Roussel) who kindly supplied the .rubiazol) 
did not hope for any favourable therapeutic action in 
this investigation. Search through their British 
and Continental records however resealed that no paper:; 
had ever been published on the use of rubiazol in 
tuberculosis. 
This, then, was the question. That place, if 
any, should sulphanilamide hold in the treatment of 
pulmonary tuberculosis ? 
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THE PATHOLOGY OF TUBERCULOSIS. 
I 
Etiology . 
Tuberculosis is a chronic inflammation caused by 
the tubercle bacillus. Variations of the disease are 
the result of interplay of the forces of destruction 
and repair. 
The disease is widespread. It affects countries 
in every part of the world to some extent., Its ihci- 
in 
dente is highest/cities and crowded areas where there 
is poverty and undernourishment. It is one of the 
prices of civilization. In times of stress, in war 
and famine, in those suffering from overwork and worry 
'it is especially likely to show itself. 
The Tubercle Bacillus. 
The bacillus is a thin, curved rod, sometimes bead- 
ed, staining with difficulty and growing in artificial 
culture with still greater difficulty. 
Of the two important forms of tubercle bacilli 
in human pathology - the human and bovine - the latter 
plays a very doubtful part in causation of pulmonary 
tuberculosis. The two varieties of bacilli cannot be 
distinguished with certainty under the microscope, but 
can be readily differentiated by culture and animal in- 
oculation. 
For practical purposes it may be said that every 
adult case of pulmonary tuberculosis is human in type, 
though a number of cases due to the bovine bacillus are 
recorded periodically (Munro 190). It is probable 
that the bovine bacillus in moderate .numbers may serve 
to establish aM immunity against the human type. There 
is however no experimental evidence to show that the 
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human type can become converted into the bovine, nor 
i i it probable that the reverse process takes place 
(Griffith 1924) . 
The tubercle bacillus possesses a fatty envelope, 
constituting sometimes as much as 50 per cent. of its 
weight and making it acid -fast, so that when stained 
with hot carbol -fuchsin it does not lose the red . 
colour if sulphuric acid is added: most other bacter- 
ia are thereby discolourised. In pure culture a num- 
ber of bacilli mey lose the fuchsin stain and take 
on the blue counterstain. 
Chemical analysis show that the tubercle bacil- 
lus consists of a number of fractions: (Boyd 197) 
1. A protein fraction which will produce skin 
reactions in tuberculous patients. 
2. A phospholipin which is an antigen, forms 
immune bodies and is responsible for the acid- fastne.r °. 
A saturated fatty -acid which stimulates 
connective tissue cells to produce monocytes and 
tubercles. 
4. A polysacchardie which will kill á tuber- 
culous animal. 
The chemical composition is important as will be 
seen later in discussion of the mode of action of salt 
phanilamide on the bacillus in tuberculosis. 
Detection of the Tubercle Bacillus in the Sputum. 
Three methods of demonstrating the bacillus in 
the sputum are used. 
(i) A film is made on a slide, suitably stained 
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and examined under the microscopb . This is the 
usual method adopted, but at least 100,000 bacilli 
per c. cm. of sputum must be present to afford a rea- 
sonable chance of being found. An extensive case of 
pulmonary tuberculosis may however expectorate 22 
billion bacilli each day. 
(ii) Infinitely more sensitive is guinea -pig 
inoculation, since this animal is susceptible to 
minute doses of virulent tubercle bacilli. There 
is a delay of 5 or 6 weeks before the result can be 
ascertained and this is the disadvantage. 
(iii) Culture of the bacillus is quicker. Re- 
sults may sometimes be obtained in three weeks and 
the acèùracy of the results is claimed by. some to be 
equal to that of animal inoculation (Holmes 1955). 
The original medium for culture - Dorset -egg medium - 
is today largely superseded by the media of Petroff, 
Loewenstein, Hohn and Pet ragnini 
Unfortunately many saprophytic non -pathogenic 
acid -fast bacilli occur in nature, e.g. in hay, 
butter, milk and in damp places such as the mouths of 
water -taps or corks of zpecimen bottles (Schwabacher. 
19)7), and recovery by culture of an acid -fast bacil- 
lus from a specimen of suspected sputum cannot be 
accepted as establishing a diagnosis of tuberculous 
infection. Animal inoculation is required for con -'. 
firmation. 
It is possible to increase the chances of finding 
tubercle bacilli in the sputum by disihtegxating the 
mucus, fat, cellulose, wax, hair and all ordinary 
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bacteria, with certain strong oxidizing agents. 
Owing to its resistant fatty envelope the tubercle 
bacillus is not affected and remains undissolved. 
Subsequently the mixture is centrifuged and the sedi- 
ment examined. for tacilli. By such method of con - 
centration the probabilcty of finding organisms in the 
stained film is increased from 15 to 20 per cent. 
(Dyke and Harvey 19.37). 
Detection of the Tubercle Bacillus in Absence of Sputum. 
It may still be possible to find tubercle bacilli 
even in the absence of any sputum. Three courses are 
open to the searcher. He may wash out the stomach 
or collect a specimen of stool and examine the gastric 
contents or-faeces for bacilli which have been swal- 
lowed in sputum. Or he may cause the patient to 
cough, thereby depositing flakes of tubercle laden 
mucus, on to the face of a laryngeal mirror held hori- 
zontally above the larynx of the patient. This method 
was utilized several times in the investigations which 
are later described. 
There is reason to believe that universal appli- 
cation of the methods of sputum culture and examina- 
tion of gastric contents would cause much revision of 
. current opinions as to the relative incidence of open 
and closed pulmonary tuberculosis (Kayne and Hounslow 
The Joe of Infection. 
There are four portals of entry by which the 
tubercle bacillus may enter the body. These are: - 
(1) By inoculation into the skin or 110=OUS membrane. 
1. 
(2) By inhalation through the respiratory passage. 
(3) By ingestion through the digestive tract. 
(4) By placental infection, the bacilli being 
derived from the parents. before the birth of the in- 
dividual. . 
Inoculation is unusual but may occur from cuts 
usually inflicted by fragments of infected sputum jars. 
It is most improbable that pulmonary tuberculosis re- 
sults from( inoculation. Placental infection is of 
doubtful existence and similarly .an extremely unlike- 
ly route of infection. 
Romer (1918) said that none of the given chan- 
nels of entry of tubercle bacilli is alone sufficient 
adenua_tely to solve all the problems presented by 
tuberculous infection. 
The relative importance of ingestion an(' inhala- 
tion of bacilli in causation of pulmonary tuberculo- 
sis has been the subject of much controversy in the 
past. It is generally agreed now that, if the bacil- 
li are derived from human sources, they are usually 
inhaled, exceptionally ingested; if from bovine 
sources they are ingested. 
The moist droplets eliminated by consumptives 
while speaking, and especially while coughing and 
sneezing, may be inhaled by persons who happen to be 
in their proximity. This is probably the most common' 
mode of infection in pulmonary tuberculosis. Inhala- 
tion of dust containing desiccated sputum is undoubted- 
ly possible, though less common, and conveying of 
infected material to the mouth may be a frequent cause. 
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The Primary Lesion. 
The inhaled bacilli set up on the lung a small 
patch of broncho-pneumonia, The primary lesion thus 
caused may vary in situation. 
In a series of 1800 post-mortem examinations on 
children under 13 years of age in Glasgow, Blacklock 
(1928) found a primary tuberculous lesion in the thor- 
ax in 173 cases (61.1 per cent. of all the cases of 
tuberculosis.) It was located most frequently in the 
right upper lobe: then, in order of frequency, in the 
right lower lobe, left upper lobe, left lower lobe and 
the right middle lobe. 
In the upper and middle lobes the lesion was most 
commonly situated in the anterior part of the lung, 
whereas in the lower lobes it was usually posterior. 
Cellular Response to Infection. 
Polymorphonuclear leucocytes are the first to ar- 
rive at the point where tubercle bacilli invade the 
body. The leucocytes are actively phagocytic and 
engulf the bacilli; they prevent, to some extent,the 
drift of the bacilli through the body. The response 
of polymorphonuclear cells is very much more marked in 
E reinfection, i.e. in the allergic inflammation of 
someone already tuberculous. Their appearance in the 
primary lesion is however transitory, and within 
twenty four hours they are replaced by large mononu- 
clear cells, also known as macrophages or monocytes. 
It is to the fatty envelope of the bacillus that 
this cellular response is made, for the same effect, 
appearance of monocytes. is obtained by injection of 
lipoid extracted from the bodies of the. bacilli. 
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The mononuclears are highly phagocyti: members of 
the reticulo- endothelial system. Bacilli and also 
polymorphonuclear cells containing bacilli are ingest - 
ed by the mononuclears. The destruction of the inges- 
ted bacilli and progressive emulsification of their 
lipoid results in the transformation of the mononu- 
clear cells into epitheloid cells (Long 197). 
The epitheloid: cell, large, pale, with indistinct, 
margins bulky vesicular nucleus and abundant cytoplasm!, 
is the most characteristic single feature Of the tuber- 
culous reaction. 
Giant cells are probably formed by fusion of a 
number of epitheloid. cells. They may attain a great 
size, and contain large numbers of nuclei usually er- 
ranged either around the periphery or at one or both 
poles. These cells are not formed until necrosis has, 
occurred. They are found in small necrotic- or ca.seoius 
areas om at the edge of larger areas. Their function, 
is to digest and remove dead. tissue Ued.lar 1926). They 
may be absent in the acuter forms of tuberculosis 
where resistance is low. 
By the end of a week after infection lymphocytes 
appear and form a ring around the periphery of the 
lesion. Their function is uncertain. 
The Tubercle. 
The small mass of newly-formed or --newly arrived 
cells constitutes a miliary tubercle - a very small 
,translucent nodule visible to the naked eye. 
It is avascular so that when vessels of a tuber- 
culou.s lung are injected with a. coloured medium the 
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tubercles stand out unstained. This avb.scularity 
presents an obstacle to treatment of tuberculosis by 
chemotherapy since circulating drugs can not easily 
permeate the tubercles. 
The miliary túbercle may increase in size and. 
several tubercles may fuse to form a larger mass. 
By the end of the second week after infection 
caseation begins. This is a form of coagulation ne- 
crosis caused by the bacterial toxins,' and the inten- 
sity of the necrosis varies with the pi ze of the dose, 
Massive infection is likely to be accompanied by ex- 
tensive caseation, e.g. as in acute tuberculous pneu-{ 
monia. The cells in the centre of the tubercle lose 
their outline: their nuclei disappear and all struc- 
ture i s lost . 
Caseation is not always present. It is absent in 
the hyperplastic form of tuberculosis where the viru- 
lence of the bacillus is low or resistance of the 
patient is high. 
Radiological Appearance of' the Primary Lesion. 
If the primary tuberculous lesion is in the thorax 
it is often possible to demonstrate the resulting pa.tho- 
logical changes by means of' x -ray ei;amination. 
The extent of apparent lung involvement may be 
surprisingly large.a The abnormal opacity in the film 
is produced mainly by inflammatory r @action around the 
small primary focus. 
triangular shadow, usually at the apex, rand with 
the narrow end at the hilum' i s characteristic of the so 
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called Epituberculo si s (plate I.) 
Plate I. Opacity at left apex due to epituberculosia 
in a girl aged x. 
Some maintain that this opacity is caused by collapse 
of the segment of affected lung following blockage of 
h 
the communicating bronchus by a caseating gland (Ep- 
stein 1922). Most authorities think it indicates a 
severe inflammatory reaction around the primary focus 
(Goldsberg and Gasul 190). The opacity may remain 
evident only a few weeks or as long as eighteen months. 
The hilar -flare or ganglio- pulmonar lesion 




Abnormal shadow of so- called hilar -flare 
extending outwards into the right lung 
from the hilum in a boy aged 3. 
The primary focus is situated in the region of the 
hilum and an inflammatory reaction spreads outwards to- 
ward s the periphery. 
Post -Mortem Appearance of Primary Le:ion. 
Using the regional lymph mode involvement as an 
indicator of the primary lesion, Ghon (1912) vain able 
to demonstrate a primary lung lesion in over 90 per 
cent. of children. The lesion, often called the Ghon 
lesion, is a small caseous or calcified l'ocus not more 
than 1 cm. in diameter, usually single, and situated 
in any part of the lung,but generally just under the 
bleura, and limited by a fibrous capsule. There is 
arger caseous focus in the lymphatic glands draining 
Le: iÔr 
his area. The size of .he Ghon/contrasts strongly T^rith 
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the apparently much larger lesion seen on radiological!, 
examination. 
Reinfection with Tuberculosis. 
The channel of infection may again be inhalation, 
ingestion or inoculation, but there is yet another 
possibility. This is that the infection is endogenous, 
and results from renewed activity in the primary or 
Ghon lesion. It is usually held however to be exogen- 
ous, i.e. to result from reinfection from outside. 
Reaction of the body to reinfection with tubercle ! 
bacilli is much more rapid and severe than in the case 
of primary inoculation. Owing to allergy the relative, 
danage to the tissues is much greater (1'ingfield 194) 
The Secondary Lesion. 
Radiology confirms the old teaching of. Kingston 
Fowler that the earliest secondary lesions of pulmon- 
ary tubercle are not usually apical. but are situated . 
about one and a half inches below the summit of the . 
lung. Burton Wood (1930) clearly describes the radio- 
logical picture. Usually an area of bronchopneumonia 
situated below one or other clavicle is revealed 
(plate III.), and a small area of coarse mottling in 
the centre of which a circular clear area may often be 
seen, indicating breakdom of the living tissue with 
resulting cavitation. Less commonly heavier shadows 
in the. lower lobe reveal basal tuberculosis (plate IV), 
Occasionally a film shows supraclavi cul ar shadows due 
to apical tuberculosis, a relatively benign f'_ din tending 
to heal spontaneously. Still more rare is the "snow- 




Small tuberculous lesion in boy aged 10 
simulating Assmann' s focus in second 
right interspace. Manifestation of re- 
infection and early secondary disease. 
Coarse shadows in right lower lobe of basal 
tuberculosis in girl aged 13 ..(Case 15.) 
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I areas exhibit a fine stippling. Somewhat similar pic- 
tures are those of disseminated tubercle which gives 
rise to coarser granular opacities (plate 'X.) 
Spread of the Infection: 
Dissemination of the invading tubercle bacilli 
the lungs proceeds by four pathways.: 
(1) Haema.togenous Spread: Thile the circulating blood 
is the vehicle of dissemination in miliary tuberculosit 
it aparr. ent.ky plays little part in the spread through 
the lung of chronic pulmonary tuberculosis. This is 
unfortunate, possibly, because chemotherapy might 
thereby be more effective in the disease. 
(2) Lymphatic Spread: Though this plays some part 
it is of minor importance; in most instances of chron= 
is pulmonary tuberculosis there is little active involve- 
ment of the hilar lymphatics glands. apart from the re- 
sidua of the primary complex. 
(} Spread by Contiguity: Direct extension of the 
tuberculous lesions occursin many cases, resulting in 
large caseous or fibrous- caseous masses especially in 
the upper ;.obes. 
(4) Bronchogenic Extension: Dissemination along the 
,bronchi is the most important means by which wide- 
spread lesions in pulmonary tuberculosis develop from 
the initial changes. In theory, therefore, anti -tub- 
erculous substances administered by inhalation, should 
be more effective in check-ing spread of the disease than 
th:;:se depending on the circulation. 
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The Course of the Disease. 
The course of the disease depends upon many fac- 
tors but particularly on the size of the infecting 
dose and the resistance of the patient. 
(1) Exceptionally the tuberculous lesion may resolve, 
disappear completely and leave no trace. This is re- 
ferred to as natural resolution (Ellman 1939). 
(2) Often the caseous area is walled off by fibro- 
blasts, forming a fibrous capsule. Lime salts may be 
deposited and the calcified tubercle is said to be 
healed although living bacilli may still lurk in the 
quiescent lesion. 
(3) There may be a low -grade inflammation with for- 
mation of tuberculous granulation tissue, many tubercles 
but no caseation. 
(4) Not uncommonly there is spread of the infec- 
tion giving rise to formation of new tubercles which 
fuse together until large caseous areas are formed. 
(5) There may be an acute inflammatory reaction 
when the infection i s virulent or massive as is seen 
in acute caseous pneumonia. 
(6) If a massive dose of bacilli, as from a rup- 
tured caseous gland, enters the blood -stream the disease 
may be widely disseminated in the form of miliary 
tuberculosis. 
Fibrocaseous Tuberculosis. This is the form of tuber - 
culosis which can be treated with encovr.aging results, 
especially in the early stages, by artificial pneumothorax, 
sanatorium regime etc. Often proliferation of fibro- 
blasts and fibrosis are very marked,especially in those 
cases where resistance is good. Thickening of the 
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bronchi, blood -vessels and pleura result from the fib - 
l'o si s. On the other hand, following union of many 
ubercles, caseation may be prominent. Much of the el- 
t.stic tissue in the lung may remain intact and hod the 
gaseous material together, but when secondary pyogenic 
infection occurs, the elastic tissue is destroyed and 
;oft erring soon develops. This in turn is followed by 
the appearance of cavities (Boyd 19'7) . 
Chronic Fibroid Tuberculosis. Many cases treated 
for chronic bronchitis, asthma, pulmonary emphysema, 
etc., are in reality suffering from fibroid tuberculo- 
sis. It is encountered mainly in persons between 
fifty and sixty years of age but is by no means uncommon 
below the age of thirty. 
Fibrosis is the dominating pathological feature 
and the affected lung is usually decreased in size. 
In local fibrosis only the affected part of the lung may 
be contracted, while the rest fills up its place by 
compensatory emphysema.i the later stages cavities - 
pulmonary and bronchieotatic - are common, surrounded by 
dense, rigid walls. 
The walls of the alveoli are thickened and finally 
obliterated or filled in. The interlobar connectiv e 
tissue, especially round the large vessels and bronchi, 
proliferates enormously and, replacing the parenchyma- 
tous tissue of the lung, produces a state of induration 
through which the dilated bronchi pass. 
Systemic disturbance is relatively slight in chron- 
ic fibroid tuberculosis. Many patients are able to 
lead an ambulant existence and strict rest and sanatorium 
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régime are unnecessary. This is not the form of 
tuberculosis which kills so many young people in the 
prime of life. 
Tuberculous Caseous Pneumonia. In this acute form of 
the disease there is rapid caseation and destruction 
with no evidence of resistance on the part of the tis- 
sues. Lesions ulcerate through the walls of the 
bronchi in many places, and infection is spread widely 
throughout the lung by inhalation. Enormous numbers 
of tubercle bacilli are found in the sputum. The 
disease is rapidly fatal and resistant to treatment. 
Miliary Tuberculosis. When the contents of a caseouN 
focus are discharged into the blood - stream miliary 
tuberculosis ensues. It may be either acute or chron- 
ic and though usually fatal recovery sometimes occurs) 
in the chronic form (Zavod 1977). If the affected 
blood vessel be a branch of the pulmonary artery only 
one lung may show tubercles. If a vein, however, 
tubercles will be found in all the organs as well as 
in the lungs and the patient often dies from tubercu- 
lous meningitis. 
Cavitation. In a body already infected with tubercu- 
losis, the characteristic reaction to an additional 
heavy dose of bacilli is breaking down of caseous tis- 
sue and formation of a cavity. The softened tissue is 
discharged into a bronchus and coughed up in the sput- 
um'. 
The bronchial wall is involved in the softening 
and undergoes dilatation; the cavity thus results 
partly fr'_m caseation and softening and partly from 
bronchi ectasi s. 
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In acute phthi si s the wall of the cavity is ragged 
but in fibrocaseous tuberculosis it is smooth. It may 
be traversed by bronchi and blood- vessels, and erosion 
of the latter may lead to serious or fatal haemorrhage. 
The first cavities are always the largest and form 
at the apex: later, as the disease progresses,other 
cavities may be formed in the lower lobes. 
Immunity and Resistance. 
The human body may be protected against tubercu- 
losis by three mechanisms: 
1. Natural Immunity. 
2. Acquired Immunity. 
7. Tolerance. 
Natural Immunity. The degree of natural resis- 
tance to tuberculosis varies both in different races of 
mankind and in different individuals. It also varies 
from time to time in the same individual. It may be 
increased in the individual by good feeding, rest or 
other means; decreased by cold, fatigue or insufficient 
food, especially fats. 
Susceptibility increases if people live under un- 
natural or unusual conditions. Also natural resistance 
varies with age, and sexual activity appears toincre?.Se 
the susceptibility of the individual to tuberculosis.. 
It has already been mentioned that young women have not 
contributed to the fall of death -rate from pulmonary 
tuberculosis which has been so prominent in the last 
half century in the British Isles. It may be that at 
the onset of and during sexual activity some change 
Occurs in the body which impairs its natur.l resistance.. 
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Natural resistance is strong enough to :overcome 
an ordinary dosage of infection with tubercle bacilli. 
Thus the overwhelming majority of individuals survive 
the initial infection without any clinical disease or 
even any signs of ill -health. 
Acquired Immunity. 
The change that takes place in the body some days' 
after primary infection with tubercle bacilli may be 
compared to the change which takes place after infec- 
tion by typhoid bacilli when the ; "tidal reaction devel- 
ops. 
The change occurs about two weeks after the first 
inoculation with tubercle bacilli. The body tissues 
become hypersensitive to tuberculin _. or tubercle bacilli, 
and this condition of hypersensitiveness is spoken of 
allergy. 
Clinically the acquired allergy may be manifest 
in certain general signs of ill- health previously ab- 
sent. Burrell (1937) stressed that if one wished to 
speak of a primary stage in tuberculosis this should be 
the incubation or pre -allergic stage. This stage may 
be regarded as the length of time taken by the body to 
establish resistance. It ends with onset of allergy. 
The state of allergy which follows the primary in- 
fection may be harmful if too great, but in a moderate 
degree it produces. an acquired resistance to tubercu- 
losis. 
Acquired resistance is less important than natura: 
resistance. Then once the natural resistance breaks 
¡down the acquired resistance alone is rarely sufficient 
to check the progress of the disease. 
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Nevertheless encouraging results have been obtain- 
ed in many countries. by producing an acquired immunity 
in babies shortly after birth. For this purpose B.C.G. 
(Bacilli Calmette Guérin), a living but non- virulent 
culture of bovine tubercle bacilli, is used. The bac- 
¡illi, rendered avirulent by culture and subculture for 
many years. are administered either orally or parenter- 
ally. There ensues an acquired immunity which affords 
some degree of protection against both human and bovine 
strains of bacilli ( Calmette 1929) . 
Infectioh produces allergy but the connection be- 
tween allergy and immunity is uncertain. Rich (19 ?3) 
showed that active immunity can exist or be produced 
without allergy and that allergy can be produced without 
conferring immunity. 
Tolerance. Must be distinguished from natural or nc- 
auired immunity. Like them it varies with different 
people and may wax and wand in the same individual. 
It is best seen in the chronic fibroid type of 
case of tuberculosis where extensive disease may exist 
with very little impairment of general health. Patients 
Who are exposed to small regular doses of infection over 
a long period of time often develop a considerable de- 
Ì 
gree of tolerance. Widespread fibrotic changes may 
tike place in the lungs before any definite impairment 
of health is noticed. Tolerance prevents the infection 
from producing toxic symptoms. It may be compared to 
the tolerance for alcohol in those who take frequent 
:mall doses. 
Certain workers (Rich and Follis 198, Ballon and 
Guernon 19 z8) have found an altered course of disease 
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in guinea -pigs infected with tuberculosis if sulphan- 
ilamide is administered. These animals have little 
or no natural immunity towards tuberculosis. What is 
the explanation of the fact ? Is there an action on 
the tubercle bacillus itself or is there en altered re- 
action on the part of the body? A degree of acquired 
immunity or increased tolerance? These questions 
are answered at a later stage. 
Sulphanilamide and its Action. 
Historical Survey. 
The first description of the preparation of para- 
amino benzene sulphonamide is to be found in en article 
by Gelmo (1908) . The investigations in this case 
were of a purely scientific nature, without any tech- 
nical object. 
A year later, Dressel and Kothe (1909) prepared 
the first azo -dyes with sulphonamide and substituted 
sulphonamide groups. They were used for textile pur- 
poses and were distinguished by greater fastness for 
washing and milling than those of the corresponding 
sulphonamide -free product s. 
The possible use of azo -dyes, that is compounds 
containing the linkage - N:N -, as bactericidal agent 
was first demonstrated by Eisenberg (1913), who showed 
' that chrysoidine, m- diaminobenzene, would kill strep- 
tococci. Unfortunately the bactericidal effect found 
in vitro could not be repeated in infected animals. 
Scarlet red (o- tolueneazo -o- tolueneazo -B- naphthol'), 
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another azo -dye has been shov:n to have the power of 
promoting the growth of epithelial cells; tr,pan blue 
(sodium ditolyl di s a zo -bi s -8- amino -l- naphthol - : 
6 disulphonate) has given successful results in canine 
piroplasmosis; and later pyridium (phenyl- a zo- a- a- 
diaminopyridine hydrochloride) was put on the market 
with claims for an antiseptic action against the bacil- 
lus coli and the gonococcus. 
The first German patent, for prontosil was dated 
Chri stmas Day 7_979. This prontosil was prepared by 
Mietzsch and Klarer (19 {2) in the Elberfeld Laboratoris 
Example I of the patent gave details of the manu -i 
facture of a red dye -stuff (today known as prontosil 
rubrum) by diazotising para- amino -benzene sulphonamide 
(now -a -days known as prontosil album) and combining the 
diazo compound with met a-phenyl en edi amine. 
Domagk (l95), the director of the Elbenfeld. Ex- 
perimental Pathological Laboratory, made the discovery 
that the azo- d'ompounds containing the sulphonamide 
group (- 5o2NH2) had a remedial action in streptococcal 
sepsis of mice and rabbits. The results obtained with 
these and similar compounds seemed, however, too good 
to be true, so that before publishing them several yews 
were devoted to intensive clinical and experimental 
'wo rk . 
In subsequent clinical tests, streptococcal infec- 
tions, such as erysipelas, puerperal fever and septic 
sore -throat, occupied a prominent position. They con- 
firmed the action of prontosil against haemollrtic 
streptococci. 
Prontosil did not prove so specifically effective 
in staphylycoccal infections in 
mice as in streptococcal 
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infections. On the other hand it proved to be an 
effective chemotherapeutic in staphylococcal infec- 
tions in rabbits. It was claimed that good results 
were obtained by its use on the continent in staphyl- 
ococcal infections in man (Hoerlein 1937) . 
Other conditions in which it was found, at an 
early date, to be efficacious were infections of the 
genito -urinary tract due to B.coli and the gonococcus, 
and also meningococcal, pneumococcal and gas- gangrene 
infections. 
Numerous German workers repeated and confirmed 
Domagk's investigations on streptococcal infections 
and French workers, Levaditi and Vaisman (1955a) in 
parti cul are were not slow in recognising the fundamen- 
tal importance of the results. 
Substances were prepared by Girard (1976) the 
French chemist . UNN which formed the basis of 
Levaditi ' s experiments. The substances - the origin- 
al sulphamido -di amino- azo- ben%ol and a carbonic acid 
derivative of this dye, carboxy- sulphamido- chrysoidine 
or rubiazol - were formed by following the methods de- 
scribed in the patents of Mietzsch and Klarer. 
It wa.s shoran by other French workers (Tréfouel 
et-ä1.1955), and has since been confirmed by others,thát 
the azo- linkage was unnecessary and that a colourless 
antistreptococcal product p.aminobenzene- sulphona- 
mide (sulphanilamide) - though a much simpler chemical 
was equally effective. 
The same workers - Trfouuel et al.- investigated 
a large number of derivatives of this compound but 
were unable to improve on the chemotherapeutic action 
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f p. aminoben7ene sulphonamide. However the pioneers Ì 
f prontosil, Domagk.. Klarer and Miet7sch made the next 
step forward. With the object of finding substances 
which, while possessing the lowest possible toxicity, 
would influence the largest number of bacterial diseases 
apart from streptococcal infections, they spent a couple 
of years investigating three compounds named, for ex- 
perimentel purposes, diseptal A, B, and C. 
According to Domagk (1937a) all these prepa.ra.tión;I 
were in comparison with sulphanilamide more or less 
equally effective in streptococcal infections in mice; 
et the same time he found a considerable improvement 
ver sulphanilamide in gas- gangrene infections and a 
striking increase in efficacy in staphylococcal infec- 
tions in mice. 
These compounds also proved superior in gonococcal 
infections, the first results published in this connec- 
tion being those of Grüt,z (19 =7). It came to be re- 
cognised that 'alteration in the chemical structure of 
the drug might endow it with bactericidal powers a. gins t 
organisms thitherto insusceptible to chemotherapy. And 
in this respect diseptal or uleron, (as it is now called), 
was important, because instead of introducing a substitu- 
ent into the amino group of sulphanilamide - like pron- 
tosil 
, rubrun, - th'e substituent was introduced into 
the amide group,. 
1 Today, as a result, a host of new compounds have 
been created along the lines of diseptal,'and these are 
being tested for their efficacy against diverse organ- 
isms as well as for their relative toxicity. 
It is not known whether the sulphur atom is indi s- 
32 
pensat4e for the chemotherapeutic property, but, so far, 
no compound showing activity com._ arable to that of 
sulphanilamide has been described which does not con- 
tain sulphur in some form. Therapeutically active 
substances exist, however, such as the Biphenyl sul- 
phones, which it is difficult to conceive as being 
converted into sulphanilamide or yielding identical 
derivativsa in vivo. 
Chemical Composition and Nomenclature of the Sulphona- 
mide Drugs. 
Sulphanilamide is marketed under a number of 
proprietary names some of which appear quite meaning- 
less and which cause confusion, particularly awing to 
the advent of new and more complex derivatives of sul- 
phanilamide. 
Prontosil, (first called streptozon, ,subsequently 
known as pronto sil rubrum, pronto sil flavum or pronto - 
sil), used in many early investigations, has recently 
fallen out of favour any_ is not much used today. It 
is given by mouth in the fora, of red tablets containing 
0.5 gm. each of the dye. It is sparingly soluble,. dis- 
solving in 1600 parts of slightly acid water and in 
20,,J-0 parts of slightly alkaline water. It is 13a:x 
'et= e'eretee very clo'iy, G :1rge case still colo- r- 
ing the urine many days after it is a- ~ninister.cd.- It 
gives a stronger colour in acid than in alkaline solu- 
tion. Then it is reduced it gives sulphanilamide a.nd! 
tri -amine benzene. This latter compound is unstable 
and is almost certainly destroyed. in the body. 
Prontosil is 41- sulphami do - 2:4 di amino a zob en zen e 
hydrochloride. Its structural formula is :- 
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N r- S02Nh2 
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Prontosil Soluble. In view of the unsuitability of 
the hydrochloride for injection prontosil soluble was 
produced. This even more complex chemical is the di, 
sodium salt of 4T- sulphamido- phenyl- 2- azo- 7- acetyl- 
amino- naphthalene -3:6 di sulphoni c acid. 




SO 2NH 2 
S03Na. 
It is soluble up to 4 p er cent, in water. _A.dmin7 
i st ered by intramuscular inj ection, it is reduced in 
the body to give sulphanilamire and 2- amino -7- acetyla- 
mino- l- hyd.rowy- naphthalene -3:6 disulphonic acid, it 
is rapidly excreted, practically all being found in 
the urine in the first few hours after a dose. It 
gives a much deeper colour in alkaline then in acid 
solution. 
Estimation: Either variety of prontosil may be esti- 
mated by comparing the colour of the urine with that 
of a solution of the corresponding prontosil of know 
strength and of the same pH. Prontosil soluble can 
even be estimated in the presence of prontosil (rubrum) 
provided the solution is strongly alkaline; there is 
however no method of estimating prontosil when pronto - 
sil soluble is also present. 
Rubi azol : This is the French equivalent of prontosil 
and it had, originally, the same composition as the 
German product; now it is a compound with an added 
COON group. It is 6 carboxy 2 :4 dinmino: 4- sulpha - 
mido- azobenzene, and has the structural formula:- 
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It is administered orally as red. tablets, each 0.2 gm.) 
and is claimed to be highly active in low dosage and Yet 
to have very low toxicity. For this reason it was 
chosen for the present experiment:.. 
Sulphanilamide. This simple chemical i s probably re- 
sponsible mainly, if not entirely, for t1 e bacteria 
static or bacterioci dal power of the preceding drugs, . 
prontosil, prontosil soluble and rubiazol. It is 
p- aminobenzene sulphonamide (also called - p- aminophenyl 
sulphonamide) and. has the graphic formula. :- 
NH2 .7)- SO2NH2 
Sulphanilamide is a white crystalline powder, melting 
between 165 and 166.5 °C., with no perceptible odour, 
and possessing a bitter taste. it is only slightly 
soluble in cold water but is soluble in hot water. 
Solutions for parenteral administration are made. 
by dissolving 1 gm. at 80 °C in 80 c. c.rrz. of distilled 
water containing 0.5 gm. of sodium chloride. 
Sulphanilamide is now supplied by nearly all the 
manufacturers in the form of tablets each containing 
0.5 gm. 
Nomenclature. In the prontosil series (Bayer Products, 
Ltd..) it i s cal led pronto sil album:. ; three Egli sri 
manufacturers (Allen and Hanbury s Ltd., Burroughs, 
Welcome & Co., and the British Drug Houses, Ltd..) 
have abbreviated the name to sulphonarnide -P.; it is 
also called colsulanyde (Crookes Laboratories, Ltd.,) 
P.A.B.S. (C.J. Hewlett & Son,' Ltd.), prontylin (Win- 
throp 'Chemical Co. Inc.), atreptocid.e (Evans .Sons, 
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Leschor & Webb, Ltd) , sulfarnidyl (Abbott Laboratories)! 
sulfrilamide (E.R.Scuibb & Sons) and sulphanilamide 
(Boots Pure Drug Co., Ltd.). 
Estimation: Sulphanilamide can be estimated in the 
blood by the following method: - 
One c.cm. of blood is faked with a c. cua. of water: 
1 c.cm. of 20 per cent. trichioracatic acid is added 
and the bl:iod filtered under_-près_sure.The filtrate is 
cooled in ice and one drop of 0.5 per cent. sodium ni- 
trite added. Equal volumes of standard solutions' of 
sulphanilamide in acid ,are treated similarly. After a, 
few minutes one drop of l per cent, alkaline thymol and 
0.2 c. cari; of 40 per cent caustic soda are added to all 
tubes; the blood filtrate is compared in the colori- 
meter against the appropriate standard. This method 
is found to give a fairly accurate determination of 
sulphanilamide added to normal blood down to a concen -1- 
tration of 1 mgm. per 100 c.cm. 
By reason of its amino group attached to the ben- 
zene ring, sulphanilamide gives a positive "diazof" 
reaction. This is utilized in estimation of sulphanil- 
amide in the urine. Thus : - prontosil, if present, 
must first be removed by boiling the strongly acidi- 
fied urine with charcoal, cooling to 0°C., and adding 
excess of sodium nitrite; after a few minutes alkaline 
p- naphthol and caustic soda are added. The red sol- 
ution thus obtained is compared in the colorimeter with 
that obtained in the same way from a solution of' sul- 
phanilamide of known strength. 
Proseptasine is the benzyl derivative of sulphanil- 
amide. That is:- p-benzylar.ninobenz:enesulphanamide:- 
< > CH2-NH -<=- So 2NH2 
It is supplied in tablets, each weighing 5 grains, 
and is intended for oral administration. It has been 
used on a very large scale owing to its low toxicity, 
which is in part due to the poor absorption of the 
compound : in animal experiments some 80 per cent. of 
the drug given is found unchanged in the faeces. 
(Buttle l99, B.M.J. 2. 270). For this reason 
Buttle emphasizes that it is not a suitable drug for 
cases of severe or resistant infections. 
Solusept asim a i s a white crystalline powder, readily 
soluble in water giving an approximately neutral solu- 
tion. It is intended for parenteral use either in 
place of proseptaaine, e.g.. if vompting precludes 
oral administration, or as an adjuvant to the oral 
therapy. Soluseptasine 
.. 
may be given intravenously, 
intramuscularly, subcutaneously, or, in cases of meniri- 
gitis, intrathecally. 
Ch emi c ally- it i s di sodium -o- (7- phenyl -p rop3rl - 
amino) benzene- sulphonamode- d- 7- disulphonate and has the 
following structure;- 
K _>CH-CH2-CH-NH( ->So 
So3Na So3Na. 
a 
The preceding drugs - prontosil, prontosil soluble, 
rubiazol, proseptasine and soluseptasine - are com- 
pounds in which the amino (NH2) group of sulphanila- 
mide is the connecting link by which is attached the 
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characteristic radicle of each compound. It is pro- 
bable that the activity of all these drugs is due 
mainly to the severance of this same link in the body 
resulting in the release of sulphanilamide (Fuller 
1937). 
More recent compounds are of a different variety. 
Though still sulphanilamide derivatives, substituents 
are introduced into the amide group (S02NH2) and, un- 
like the first group, they do not appear to be broken 
down to sulphanilamide in the body. Probably they are 
themselves the active agents. Three of these may be 
described 
Ule_ron (also known as diseptal, diseptal A, D.B.90 
an uliron)) produced by Bayer Products Ltd. is said t 
active sulphanilamide staphyloco.c.al 
and gan- gangrene infections (Domagk 1932) : it is used 
now mainly for the treatment of gonorrhoea. Pre - 
ferred to sulphanilamide by some authorities owing to 
its lower toxicity, it has to be used in a series of 
short courses since it may give rise to cases of peri- 
pheral neuritis. It has the structure: 
NH2<, /` S02NHK > SO 2N (CH3) 
Albucid is also mostly used for gonorrhoea; it is 
stated that it is not acetylated like sulphanilamide 
in the body and therefore does not become partly in- 
activated. It seems to be of extremely low toxicity. 
Good results have been obtained with it in gonococcal 
cases when given with the usual adjuvant treatment, 
but in streptococcal infections in mice it has very 
little activity (Buttle 1939) . It has the following 
structure :- 
NH2< >S02NHOCCH3 
"M & B 021" (Dagenham) represents a considerable advande 
in chemotherapy compared with all the previous com- 
pounds. It is 2- sulphanilylarninopyrÁdine, with the 




It is a white powder with slightly bitter taste 
and which is soluble in water to the extent of 1 part 
in 1000. It is active against all types of pneumo- 
cocci whereas sulphanilamide is effective only against' 
tSr]* III: it is also superior against the staphylo- 
coccus (Bliss and Long 199) and in clinical gonorrhoea 
(Lloyd, Erskine and Johnston 1939)7, while it is no 
less active than sulphanilamide in meningococcal men- 
ingitis (Bryant and Fa.irman 1939) and in experimental 
streptococcal infections (' hitby 1938a) . 
It appears -,rat M & B 693 is effective whenever 
sulphanilamide is effective and is also active in 
certain conditions where sulphanilamide fails. It is 
much more expensive but is probably the drug of choice 
for any severe case of pyrexia where the bacteriologi- 
cal diagnosis is dJubtful (Whitby 1938b) . 
It should be mentioned that there is another group 
of drugs which, like "M & B 093; is also superior to 
sulphanilamide,- 4: 4T -di amino diphenyl- sulphone and its 
derivatives (Buttle, Stephenson et al 1937)7 but these 
are not related to sulphanilamide and they are not at 




In order to obtain the best therapeutic effect it 
appears to be necessary to maintain a constant concen- 
tration of the drug in the blood. Four -hourly to six - 
hourly doses are sufficient to do this. 
A blood concentration of 10 mgm, per 100 c. crn. i s 
required for the treatment of severe infections, and 
this is obtained by a dosage scale of one gram.:per day 
to 20 pounds of body -weight (Bliss and Long 1937a) .- 
that is, about seven grams for an average ten stone 
man. Children require fifty per cent. more than thi s 
and infants three times as much (Banks 138 ). 
For less serious cases half the dosage or less 
may be enough. Opinion on the advisable duration of 
treatment has not et crysta.11ised,but there is a ten- 
dency for limiting a course to ten days and only resum -- 
ng it, if necessary, after an interval. \that these 
drug s can do they usually will do within. that time or 
ess, and fatal agranulacytosis is a passible conse- 
quence of prolonged administration. In the experi- 
ents, later described, I used a compound of very low 
oxicity, rubiazol, in small doses - 1.2 to 1.8 g. 
daily - over periods varying from two to five weeks but 
th a precautionary weekly estimation of the leucoc4 to 
count and examination of the blood film. 
Repeated administration of' stlphanilemid.e to mice 
ver a period of many weeks produced no pathological 
hinges in liver or kidneys though a variable amount 
f haemosiderin was found in the spleen, perhaps sug- 




An animal should be used to ascertain the relative 
toxicity of a new remedy, but the final and only true 
;est of effectiveness of that remedy--must be carried 
ut on the human subject This is justifiable if the 
emedy is unlikely to do harm and has some prospect of 
oing good. I therefore felt it was permissible to ad- 
inister the rubiazol to patients over the extended 
eriod of several weeks. 
bsortion Circulation and Excretion: 
The absorption and excretion of the sulphonamide 
rugs has been studied fully only in the case of sul- 
hanilamide itself but some data are a #ailable for 
ther compounds. 
Sulphanilamide is absorbed very rapidly when taken 
y mouth; it is absorbed entirely from the small in- 
estine, not from the stomach, and the process of ab- 
sorption is complete in four hours. It enters the 
circulation at the same rate if given subcutaneously. 
The concentration in the blood. is ma?dmal in about three 
hours, thereafter falling gradually to zero in the 
course of the following twenty -four hours (Marshall, 
Emerson and Cutting, 1937a) . 
The drug is very readily diffusible and finds its 
way rapidly into all the secretions of the body. 
shall demonstrated its presence in pleural and periton- 
eal effusions, saliva, pancreatic juice and cerebro- 
spinal fluid. In the last, in the dog, in a normal 
man and in a patient convalescent from cerebro- spinal 
fever, all gave similar results; the curve of concen- 
tration paralleled that in the blood at about three- 
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quarters of the blood level. 
The drug has also been fount; in the sweat and, when 
given to pregnant animals, in the amniotic fluid. and 
in the foetal blood (Lee 193O. 
Marshall estimated the drug in various organs and 
found the concentration almost identical everywhere 
except in bone and fat where it was-diminished. 
The drug seems to be selectively absorbed on to the 
corpuscles of the blood, for the concentration here is 
50 per cent. greater than that in the plasma (Hansen 
-1939). About 20 per cent. of the drug in the blood 
is in the .acetylated inactive form, and in some cases 
this proportion may be as high as 40 per cent., but 
I these differences do not seem to be correlated with 
the therapeutic efficiency of the drug in different 
subjects. 
Sulphanilamide is excreted partly as the free 
base and partly in the inactive acetyl form (Marshall 
et al 1937b) . 
The excretion is delayed if renal damage is pre- 
sent. 
So far as can be ascertained the drug does not 
undergo any other change in the body, for 90 per cent. 
of the total sulphanilamide given to mice can be found 
in the urine either as sulphanilamide or as acetyl 
sulphanilamide (Marshall 1939a) . 
In the urine the acetyl form accounts for over 
50 per cent. of the total sulphanilamide, and the rate 
of excretion follows the urine flow and not the concen- 
tration in the plasma. The explanation of this seems 
to be that 70 to 80 per cent. of the drug is reabsorbed. 
i2. 
in the kidney tubules, after filtration through the 
glomeruli. 
Fuller (19,7) found that up to 75 per cent. of 
excreted prontosil was in the reduced (sulphanilamide) 
form. He also found sulphanilamide did not appear in 
the urine until 46 hours after the first dose of 
prontosil, and that although three -quarters of the 
twenty -four hourly excretion of injected sulphanilamidé 
was excreted in the first 8 hours, only one - eighth of 
that derived. from prontosil was excreted during this 
period. He suggested that the steady supply of sul- 
phanilamide derived. from prontosil might be more effec- 
tive than the sudden flood from stphanilamide. 
In the course of studying the urinary excretion in 
mice Fuller determined that in the normal animal pron 
tosil is excreted,as sulphanilamide,in a lesser quan- 
tity than in infected animals. This discovery has re-, 
mained unexplained) though Bliss and Long (1937b) 
claimed to demonstrate a reducing action on prontosil 
excreted by streptococci themselves. 
M & B 693` is absorbed and excreted more slowly 
than sulphanilamide in animals (Marshall et al .193a): 
It reaches the cerebro- spinal fluid less rapidly than 
sulphanilamide, and it is excreted in the urine partly 
as the free base and parts; in the inactive acetylated 
form. 
The sodium salt of TM & B 693" i s very soluble and 
is more rapidly absorbed than the free base; it is 
very alkaline in solution, - about pH 11. It has .been 
used successfully parenterally when oral treatment was 
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impossible owing to vomiting (Marshall and Long 1939b) . 
Further work on the absorption and excretion of 
members of the sulphonamide series and on the chemi- 
cal transformations which they undergo in the body, is 
still required in order to enable these drugs to be 
used to the best advantage as regards choice of drug, 
dosage and spacing in time. 
Mode of Action of the Sulphonamide Drugs. 
Attempts to explain the mode of action of the 
sulph milamide drugs have hot led to concordant re -. 
suits, but the problem is clearly of wide importance 
in view of the variety of infections which are in- 
fluenced. 
Prontosil, entirely devoid Of action on bacteria 
in vitro, is none the .less therapeutically active in 
infected subjects. Sulphanilamide, on 'the other 
hand, is active both in vitro and in vivo. Strepto- 
cocci are found to be inhibited. or ,even killed by 
considerable dilutions of this drúg in ordinary media, 
human blood (with ' leucocytes present or removed), or 
serum but only provded the number.of organisms used 
in the inoculurn is small, enough (Colebrook et al 
lrb, Buttle 1937, Eoa;ce 1, ;9? ., Britt..n 1938). .
The influence 
. exerted by the size of the inocu- 
lum is manifest also with various other antiseptics 
e.g. mercuric chloride or acriflavine, '(Garrod 1935). 
Though the antibacterial effect has been held to ex- 
plain the therapeutic action of the sulphanilamide 
group, Levaditi and Vai sman point out that there ex- 
ist far more powerfully antiseptic substances which 
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cannot cure a general streptococcal infection. 
For example acriflavine or proflavine are both toxic 
for the mammalian body and at the same time are enor- 
mously more potent antiseptics than sulphanilamide, 
while their rate of excretion is not significantly 
different from that of the latter; nevertheless they 
fail to cure a general infection. Colebrook (1936) 
remarks: %It is somewhat surpri sing that the low 
bactericidal power of the blood of mice treated with 
tea sulphonamide should be associated with such a. 
notable therapeutic effect %. It must be concluded 
that the weak anti- bacterial property demonstrable in 
vitro is not likely to be more than a subsidiary fact- 
or contributing to the chemotherapeutic action of the 
sulphanilamide group. 
The problem is whether, when an infection is 
cured, by these drugs, it is the organisms Which are act- 
ed upon or the host. Sulphanilamide itself does not 
set up an enti- bacterial condition of any permanence 
within the body. "hen, subsequent to the repeated 
administration of sulphanilamide and following an in- 
terval of some hours after the last dose of' the drug, 
an inoculation is made with organisms, the progress 
of the infection is less influenced than when similar 
dosage of the drug is given at and after inoculation. 
For therapeutic action therefore it is necessary that 
the organisms and the drug meet in the body of the 
host . 
To add to the confusion, the view that prontosil 
owes its therapeutic activity to being reduced in the 
body to sulphanilamide is strongly opposed in some 
45. 
quarters. Foremost among those on the continent 
who contest this view is Domagk (19 36 and 1937a): 
he believes that prontosil has an action per se, apart 
from that of sulphanilamide which it liberates. 
He 
argues that weight for weight prontosil is more ef- 
fective than sulphanilamide, that the amount of sul- 
phanilamide which it liberates is less than that of 
sulphanilamide which has to be given to achieve the 
same result, and that other therapeutically active 
compounds, e.g. uleron, are not reduced to sulphanila- 
mide in the body. 
Heave Kenny, at a meeting of the scientific 
sections of the British Itiedical Association at Aber- 
deen in July 1939, discussed the use of sulphona- 
mides in puerperal infections. She held that pronto- 
sil rubrum was the most effective preparation in 
streptococcal infections. Quoting statistics from 
the Queen Charlott e 1 s Hospital Isolation Block, she 
said the mortality figure was lowest in 1936 at the 
time when prontosil rubrvli was being used in combina- 
tion with prontosil. soltIble. The average dose of 
prontosil rubrum was then 18 gm. as against very much 
larger doses of sulphanilamide and other colourless 
preparations which were now used to produce the same 
effect. 
Another speaker at the meeting, T. Anderson, 
stated that 0.4 gm. rubiazol was, according to his 
findings, eouivalent to 1 gm. f. aulphanilamide in 
treatment of erysipelas; accordingly the action of 
rubiazol could not be due entirely to breakdown intp 
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sulphanilamide within the body. He concluded 
that 
there must be some special therapeutic activity in the 
"red compounds" (azo- sulphonamides) which had been 
in use in the early days of sulphonamide therapy. 
Hoare (19:8) found that the "blood of patients 
taking prontosil or sulphanilamide was bactericidal to 
streptococci and that the blood may assume this pro - 
perty within an hour or after some delay. The dif- 
ference in time he attributed to variation in the rate. 
of absorption of the drug. 
Substitution experiments showed that no change in 
the leucocytes was responsible for the bactericidal pro -. 
perty. The active agent was -_n the serum. Su.lphenil- 
Í 
amide was active in the serui . alone, i.e. with 'red 
cells and leucocÿtes removed) but this effect required 
double concentrations of the drug. Hoare held that 
sulphanilamide had a direct damaging action on strep- 
tococci, either actually killing them or at least pre- 
venting their growth. 
The work of Colebrook and his colleagues (1976), and 
Finklestone- .Sayli ss and. others (l977), established that 
the bacteriostatic action of sulphanilamide upon haemo- 
lytic streptococci was preceded by a phase of growth 
stimulation. Compared with the control, organisms in 
blood containing sulphanilamide multiplied excessively 
during the first four hours of incubation. Thereafter 
aterilisation began and was so far advanced by the 
eighth hour that it was nearly complete. 
The sudden fall in population following the rapid. 
rise might be explained in one of three ways : - 
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le Sulphanilamide may have a much more efficient 
bactericidal action upon cultures that have passed 
through the logarithmic phase of growth than upon young 
cultures. Finklestone-Sayliss (et al.) found, in fact, 
that the growth stimulation was more conspicuous in 
young cultures than in cultures that had passed through 
the logarithmic phase. 
2. Sulphanilamide may be slowly changed into some 
other compound which is the actual bactericidal agent. 
This did_ not appear to be the case according to the 
same workers. 
?. Sulphanilamide may have a slowly engendered 
stimulatory action upon the normal mechanism of destruc- 
tion of organisms in the blood. This mechanism seems 
necessarily dependent upon primary phagocytosis. The 
third postulate seems improbable as both Colebrook and 
Hoare have shorn that sulphanilamide is able to kill 
haemolytic streptococci in blood w_ ether leucocytes are 
present or not. 
Sulphanilamide is only sparingly soluble in aque- 
ous solution but . it s solubility is much increased in cer- 
tain fat solvents such as acetone. Finklestone-Sayliss 
thought that as sulphanilamide was soluble in fat there 
was little doubt that it was far more soluble in the 
fatty envelope surrounding haemolytic streptococci 
than in aqueous solution. He claimed to demonstrate 
this fact experimentally. He held that the bacterio- 
static effect was due to the drug being initially con - 
centrated in the fatty envelope of the organisms. 
It was difficult to correlate the presence in young 
cultures of a higher concentration of fat - a relativelly 
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good solvent of sulphanilamide - with the fact that 
sulphanilamide stimulated the growth of young strepto- 
cocci. However he suggested two explanations with- 
out attempting to decide which was correct. They were: - 
(1) That with the diminution of the percentage of fat 
as age increases the concentration of' sulphanilamide 
in the fat of each cell becomes greater, and this in- 
creased concentration is responsible for the bacterio 
static action upon older cultures; (2) That sulphanil- 
amide acts first as a stimulant and secondarily as a 
depressant. Such pharmacological action is not un- 
known and that of nicotine may be instanced as a paral- 
lel. 
Levaditi and Vaisman (1935b) put forward their 
view that prontosil, with which they were experimenting, 
prevented capsule formation by streptococci, so ren- 
dering them susceptible to phagocyto si s; also they be- 
lieved that prontosil neutralised streptococcal toxins - 
leucocidin and haemolysin. But, once again, pha.gocy- 
tosis is unnecessary for destrubtion of streptococci 
by sulphanilamide. 
The same may be said to commenting on the work of' 
Gley and Girard (1937). They claimed that exposure in 
vitro either to prontosil or sulphanilamide diminished 
the virulence of streptococci. But even though aviru- 
lent why should the organisms be killed in deleucocyted 
serum? 
Long and Bliss (1937d) favoured the view that the 
metabolism of the organisms was interfered with and 
that their growth was prevented by sulphanilamide. 
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Ba.cteriostasis, they said, if complete must ultimately 
Fes.ult in victory for the bodily defence mechanism. So 
so thought Gay end Clark (1937) who were unable to 
lnd any stimulation of the defence mechanism in the 
Sense of an altered behaviour of leucocytes. 
Though Finki ettone ayli s s had observed change 
neither in appearance nor in motility of leucocytes, 
he found that in rabbits production of polymorph leuco- 
ytes by the ;bone marrow was stimulated and the phago- 
c ti c activity of the reti culo -endothelial cells of Y Y 
the spleen was increased. The latter observation may 
throw some light on the work of Buttle and Parish (1938) 
o found in experimental tuberculosis that the most 
ronounced effects occurred in the spleen of the ani- 
a1 s treated with sulphanilamide. 
In the case of intraperitoneal inoculation. of mice 
With pneumococci, McIntosh and zlhitby (1939) showed 
that successful treatment with "M & B did not pre- 
vent an initial invasion of the blood stream. They 
held that sulphanilamide drugs did not stimulate leuco- 
cytosis, nor did they influence the quality, quantity, 
or rateof formation of specific antibodies to pneumo- 
cocci. But they found that in animals treated with 
Ili & B 693 the capsules of pneumococci in the peritoneal 
cavity showed degenerate changes. This, on an analogy 
of B. anthraci s injected into immunized animals (Preisz 
1909), is what would be expected when conditions are 
unsuited for continued proliferation and the devel- 
{opment of pathogenic properties. 
Accordingly it would appear that, while it is 
under the influence of the drug, the body behaves 
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towards particular highly virulent organisms much as 
the normal body does to those of a non -pathologic; ..:. 
type which are gradually destroyed. 
Levaditi and Vaisman (1938) have reached a simi- 
lar conclusion from their observation that certain 
drugs of the sulphanilamide group render mice resis- 
tant to various endotoxins, e.g. killed cultures of 
organisms such as gonococci, meningococci, bacillus 
aertrycke etc. Thus the chief action of the drug 
would be to alter the reactivity of the host. Such 
an explanation also fits in with the clinical obser- 
vation in pneumonia that the first and most striking 
effect of the treatment is reduction of the pyrexia. 
But it remains impossible to rule out the hypothesis 
that the drug may have some gradual direct action on 
the metabolism of the organisms in the infected ani- 
mal. 
Lastly, one may recall the interesting work of 
Gay and Clark (1937) who, using a streptococcus 
which was completely resistant to the action of sul- 
phanilamide in vitro, produced experimental empya.em- 
ata in animals. Cure resulted in a high proportion 
of these animals on oral treatment with sulphanila- 
mide. Since the sulphanilamide per se had no action 
one might conclude that the sulphanilamide acted rather 
on the body than on the organism. 
Therapeutic Action of. Sulphanilamide. 
Just as the mode of action is uncertain so, it 
must be admitted, is the extent of the anti -bacterial 
effect. The original experiments, in which strepto- 
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cocciwere employed, have been extended to discover 
what action sulphanilamide and its derivatives have on 
other bacteria, on protozoal infections and on disease 
due to virus infections. Knowledge is accumulating 
rapidly both in regard . to the possibilities and the 
limitations of chemotherapy with the sulphonamide drugs. 
Successes in treatment are frequent; startling and 
widespread. Some are quite unexpected. One reads - 
'Since the drug did not appear to be a respecter of 
bacterial personalities we decided to try its action 
in this case!' and there follows a description of 
yet another disease which has apparently tesponded 
favourably to the drug. 
Streptococcal Infections: 
It is easy to understand why the discoveryof a 
genuine remedy for streptococcal diseases immediately 
aroused scientific interest throughout the world. 
Ater the publication by Domagk concerning the favour- 
able influence of prontosil in mice in 1975, . numerous 
clinical observationss were made by others confirming the 
findings of Domagk. Naturally attention was at first 
focussed on the streptococcus and diseases such as 
erysipelas, puerperal fever and. septic 'sore throat re- 
ceived special attention. 
Not all streptococcal infections are influenced by 
sulphas .Lamide drugs; only those due to the strepto- 
coccus pyogenes are susceptible; those due to the 
streptococcus viridans and the streptococcus fa.ecalis 
are uninfluenced. But even in the streptococcus pyo- 
genes group there are resistant types. 
1 
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Recent tyrork by Lancefield_ (1933 ) showed that 
haemolytic streptococci could be divided 
by serological 
methods into a number of groups of which nine 
are now 
known. These are distinguished by the latters A 
to K. 
Lancefield and?. Dare (1935) later showed that, of these 
groups, group A was almost invariably the one that 
was 
responsible for causing severe infections in the human 
species. 
Bliss and Long (1937a) ascertained that strepto- 
cocci of Lancefield' s serological group D were resis- 
tant to sulphanilamide. Subsequent in vitro studies 
of bacteriostatic action showed that, whereas groups 
A and C were fully susceptible, the effect on group 
B, E and G Was variable, and on D there was none. It 
is therefore fortunate that most serious streptococcal 
infections are sue to members of Group A. 
Puerperal .Sepsis: 
Colebrook and Kenny (1936) were the first to demon- 
strate that the drug (prontosil) appeared to have a 
most favourable influence among st puerperal patient s 
on the clinical course of infections due to group .A 
hemolytic streptococci. 
The average death rate for the previous five 
years for all haemolytic streptococcal infection at 
Queen Charlottes s Maternity Hospital Isolation Block 
was 22.8 per cent., but in 1936 the death -rate amongst 
the 64 cases at this hospital treated by prontosil and 
recorded by Colebrook and Kenny was only 4.7 P r cent. 
Although there is some evidence to show that the 
haemolytic streptococcal, infections at that time may 
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have been less virulent than formerly, this fact is 
insufficient to account for so large a reduction in 
the death -rate. Moreover there was a sudden reduc- 
tion in the severity of peritonitis associated with 
the puerperal sepsis in those cases treated with 
prontosil, and none of the patients developed a pal- 
pable pelvic or abd.omino- pelvic inflammatory mass or 
abscess, after the beginning of the treatment, al- 
though this was formerly one of the commonest compli- 
cations of puerperal infections by haemolytic strep- 
tococci. 
Prophylaxis : Johnstone (1938) gave either sulphanila- 
mide or proseptasine to five hundred women after labour, 
'but it was doubtful from his observations whether it 
had any useful effect in preventing the onset of 
puerperal sepsis. 
Colebrook (l9 7)ß discussing the question of 
prophylactic admini stration in obstetrics, concluded 
that as sulphanilamide treatment was not free from 
danger it was undesirable to give the drug as a pro- 
¡ phylacti c to every woman in labour. He thought it 
was justifiable,, however, to use it whenever there 
was sound reason to anticipate puerperal sepsis, fo'r 
example in any case delivered with much instrumental 
interference or in suggestive circumstances. 
Tonsillitis and Ludwig ' s Angina._: 
Acute follicular tonsillitis responds readily to 
sulphanilamide provided, as is usually the case, haemo -- 
lyti c streptococci are in part at any rate responsible. 
A f- ll in temperature by crisis is to be anticipated. 
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within twenty -four hours. Remarkable improvement is 
also seen in patients' desperately ill with Ludwig's 
angina (Palmer 1937, Lyth 1937) . The more alarm- 
ing the condition of the patient the more dramatic 
the effects of therapy appear to be. 
Streptococcal Septicaemia: 
Fatalities from post -mortem and operation wounds, 
so tragically familiar to hospital workers, are the 
result usually of streptococcal septicaemia. It is 
to be hoped that such calamities will dwindle to in- 
significance under the power of sulphanilamide. 
Though positive blood cultures can often be made,the 
prognosis now is fairly good and the fever abates in 
two or three weeks. Robinson (1937) reported re- 
covery in one such case with positive blood. culture, 
and McIntosh,Wilcox and Wright (1937) recorded 
various cases presumably of true septicaemia. in chil- 
dren cured by the drug. 
Streptococcal meningitis and Infections of the Ear: 
The mortality from streptococcal meningitis no 
matter how acquired has hitherto been apsallingly. 
high. Its development as an extension of otitis 
media and mastoiditis was well -nigh hopeless.. It is 
therefore of especial interest to find. convincing 
reports of recovery following the use of sulphanila- 
mide. 
One such case is recorded by Lucas (1937) . His 
patient was a boy with suppurative otitis media who 
developed meningitis. The cerebro- spinal fluid 
contained haemolytic streptococci and much pus. 10 
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ccfa. of the drug was injected intramuscularly daily 
and two tablets given by mouth thrice daily. The 
teiiperature was normal within thirty -six hours of 
starting treatment and recovery was complete. In 
America ,Neal and Appelbaum. (198) obtained recovery 
in 13 of 17 cases of streptococcal. meningiti s with 
sulphanilamide,using subcutaneous oral and intra- 
thecal routes. 
Erysipelas: 
There is now abundant published testimony to 
the value of sulphanilamide in the treatment of ery- 
sipelas. Snodgrass and. Anderson (1937) in a well 
controlled series of 3l2 cases concluded that sul- 
phanilamide is the best form of treatment for a dis- 
ease which, nevertheless, reacts well to many modern 
forms of treatment such as streptococcal serum or 
ultra -violet light. For the experiment they used 
prontosil rubrum. 
Becker (1337) compared the results of 50 cases 
of erysipelas treated with prontosil with a similar 
number treated by other methods. He found that the 
spread of disease was always arrested and its dura- 
tion much reduced, more so by oral administration of 
prontosil than by intramuscular or intravenous. Local 
a. ,plication of prontosil was useless, as was fully 
expected. 
Striking results were also obtained by Peters 
and Havard (1937) in .a series of 47 patients - ranging 
in age from four months tai eighty -seven years - suffer- 
ing from erysipelas of severity varying from mild. to 
very severe. The spread of tihe disease was arrested 
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within 24 hours in every case. In 31 cases the 
temperature was normal .also within 24 hours, while 
in a further 12 it was normal within 48 hours. Two 
developed relapses, ten days after the primary at- 
tack, which responded at once to further doses of the drug. 
Scarlet Fever: 
The same workers in this paper reported the re- 
sults of treating scarlet fever with proseptasine. 
(:p.Benzylamino- benzene -sulphonamide). The dose 
given was from 0.75 to 6 gms. per day according to 
age, and it was administered by mouth in tablet form, 
divided into four -hourly doses. The full dose was 
given for two days,then half the quantity fór an- 
other two to four days according to the course of the 
illness. As controls, 150 alternate cases were treat- 
ed expectantly or with antitoxic serum when considered 
necessary (56 cases). They found the incidence of 
complications in the two series was :- 
Series of cases treated Control series 
with_proseEtasine . 
53 (35 per cent.) 84 (56 per cent.) 
They discovered however that the mean duration of the 
'primary fever from onset to termination was twelve 
hours longer in the test series. They believed the 
antitoxic serum administered to a third of the con- 
trol series was responsible for reducing the pyrexia 
in that group. 
They concluded the drug had some effect on the 
invasive side of the streptococcal infectián, that 
rebults should be better if the drug were given early 
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in the di cease, and that the streptococcus was pro- 
bably less accessible to the drug once spaces such as 
nasal sinuses were infected. They thought possibly 
a combination of drug and serum would be more effec- 
tive than either of these alone. 
Measles: 
The danger of measles lies in the liability to 
develop complications, and there is no doubt that the 
streptococcus is often involved in such cases. As 
with scarlet fever, so also one would. expect benefit 
in measles from administering sulphanilamide on ac- 
count of this fact. 
In the Annual Report for 1937, the Medical Super - 
intendent Of the Cardiff City Isolation Hospital 
stated that the low death -rate from measles in that 
area was attributable to the facts that all cases 
of broncho -pneumonia. were nursed in the open air day 
and night; and that, in addition, all the patients 
suffering from measles were given to 2 tablets of 
prontosil daily as a prophylactic aga -iinst secondary 
infections such as otitis media and broncho- j:neumoni a 
The latter condition did not develop in any case 
after admissión. 
Meningococca.l Infections: 
In a series of one hundred and thirteen cases of 
acute meningococcal meningitis reported by Stanley 
Banks (1938) thirty -eight were given large doses of 
serum intravenously and intra- thecal serum twice 
daily for five days. No infants were included in this 
group. Fifty -nine eases including ten infants 
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were treated with serum and sulphaniiamidte,and 
six- 
teen cases received only sulphanilamide. 
The death - 
rate in the first group was about 1.6 per cent., 
in 
the second 11.8 per cent., and in the third 
group 
only one case proved fatal. In those cases treated 
with sulphanilamide, alone and combined with serum, 
it was noted that recovery was rapid. The best re- 
sults were obtained whelj high initial doses of sul- 
phanilamide were given, sufficient to bring the sul- 
phanilamide level in the cerebro- spinal fluid. up to 
5 mgm. per 100 c. cm. in twenty -four hours and. to 
maintain this level for four days. 
Equally convincing are results of treatment of 
cerebro -spinal fever with''M 8c B 693" ( - sulphanilyl- 
aminopy ridin e) . 
Somers (1935) reviewed one hundred and. forty - 
three cases of that disease occurring in the Sudan 
where the mortality rate is usually high (68 -80 per 
cent.) These cases were " 3 watery given iu & B 6y .:. in ,. z  
suspension or watery and oil suspension by intrathe- 
cal, intramuscular and intraperitoneal injection. . The 
total amount s of drug used were small - 1.2._ gm. of 
water suspension and . 3 gm. when this was combined with 
oily suspension. In most cases the cerebro- spinal 
fluid became clear before the temperature fell to nor- 
mal, Intraperitoneal injections caused a more rapid 
general improvement than. intramuscular. The death 
rate in the series was only 10 per cent. 
Gonococcal Infections: 
The value of sulphanilamide in gonorrhoea is 
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difficult to assess. ,Criteria of successful treat - 
ment are not readily .amenable to exact statement. 
Almost all workers report good results, but there Is 
freouent mention of a minority of patients (10 to 20 
per cent.) who entirely fail to respond to the drug. 
A series of forty -seven cases reported by Dees 
and Colston (1937) showed. an average duration of 
five days only when treated with sulphanilamide 
alone. Crean (1937) has treated. ore hundred cases 
with sulphanilamide, together with irrigations, and 
concluded that the d_r_.g reduces the usual .period. of 
disability from the disease by two- thirds. 
Similarly VHanlon (1938) found that the aver- 
age period of invalidity among troops at Aldershot 
had been reduced from 62 to 21 days. 
It is agreed. that complications, both local and 
metastatic, respond well, and rapid disappearance of 
gonococci from exudates in distant situations as well 
as the urogenital tract is a usual finding. 
Successful results obtained in two infants suf- 
fering from gonococcal ophthalmia by treatment with 
M & B 693 tablets and boric acid lavage was reported 
by Michie and Webster (1938). 
Bowie (1938) described the results of using var- 
ious sulphanilamiçh drugs in treatment of gonorrhoea. 
Sulphanilamide gave cures in 70 -80 per cent. of ca.ses:, 
uleron in 70 -90 per cent. and "M & B 693 in 85- 95.per cent. 
M & B appeared to be the drug of choice since 
it could be given at once, whereas optimal results 
with sulphanilamide and uleron. were obtained if 
treatment was postponed for about ten days- from the 
6o. 
onset of disease. After treatment withl & B 693" 
there was a very low incidence of complications (1.5 
per cent.) as compared with the high figure (25 -30 per 
cent.) which was the rule before chemotherapy. A 
total of 20 gins. of "M & B 693 "was usually sufficient 
to produce a cure. 
Reports of 120 cases of gonorrhoea treated with 
uleron by Wilkie (1939) and of 102 cases treated. with 
"P. & B 693" by Batchelor C.L. Lees R., Murrell M. and 
Braine G.I.H. confirm the accuracy of Bowie's conclu- 
sions. 
Levaditi and his colleagues (1937) have investi- 
gated . the effects produced by seventy -five compounds 
in mice infected with the gonococcus. Af these the 
most potent was a new compound, 4- nitro -4- amino-di- 
phenyl suiphoxide which was from fifty to one hundred 
times as effective as sulphanilamide Though useless 
in pneumonia and streptococcal infections it proved 
efficient against the meningococcus. 
Other Venereà1 i ceases: 
Chancroid responds well to treatment with sul- 
phanilamide (Batchelor and Lees L926) and so also 
does lymphogranuloma inguinale (Giurie .1938X, but 
no one has claimed the slightest value from use of the 
drug in syphilis (Campbell' 1937) . 
Pneumococcal Infections: 
It appeared ithxkx from experimental work, that 
pneumococcus type III. was more amenable to treatment 
with sulphanilamide than other types. Heinzelman 
(1937) treated 9 cases of type III. pneumonia with 
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only 2 deaths whereas in 10 cases not so treated 
there were only 2 recoveries. Results of treatment 
of pneumonia with l & B 693" are so imcom : arably better, 
however, that sulphanilamide itself is not now used 
for this condition except on rare occasions. 
Gaisford and_ Evans in a series of b27 cases of 
lobar pneumonia occurring between March 1938 and June 
1939 had a mortality rate of only 5.4 per cent. as a 
result of treatment with "M & B 693.' The incidence of 
empya ema, Uras 4.5 per cent., and though the total per- 
centage of cases showing a pleural exudate was equal 
to previous control cases, in ten cases the exudate 
was of (clear fluid. This was considered as evidence 
of aborted. ,empys.ema. 
Particularly striking were the results obtained 
in elderly patients. Results in cases of broncho- 
pneumonia were less good probably owing to the 
mixed type of infection. 
Pneumococca1 meningitis has been treated success - 
fully in 8 out of 18 cases with prontosil or sulphan- 
ilamide according to the report on a case by Lockie 
(1939) . Consequently it is only to be expected that 
even better results may be obtained with"M & B 693. 
Staphylococcal Infections: 
It is the general experience of investigat r 
that bacteria which produce an exotoxin are not in- 
fluencec to any great extent by sulphanilamide or its 
derivatives. Such bacteria are b. diphtheri <ae, 
b.tetani)v. septiaue, b.histolyticus and the staphylo- 
coccus. In the case of the last however: successful 
therapy has been reported not uncommonly. 
ó2. 
The first therapeutic success with irontosil 
ever published. (Foerster, 1933) as long ago as 1933, 
concerned a case of staphylococcal septicaemia... 
Colebrook and Purdie (1937) had two successes out 
of three cases of puerperal staphylococcal septicaemia 
treated with large doses of sulphanilamide. 
Domagk (1937) found a better response in experi- 
mental staphylococcal infection to uleron than to 
sulphanilamide. This observation has, however, so 
far remained unconfirmed, and the drug is now used 
mostly for treatment of gonorrhoea. 
In controlled experiments with the compounds 
sulphanilamide, uleron, M &: B 6930 rodilone (p.p- 
diacetyl- dirino- diphenyl sulphone) and the mono - 
cetyl derivative, the last three were the most ef- 
fective against staphylococci (P. Browning,unpubli sb ed) 
Bacillus Coli Infections: 
The use of sulphanilamide in bacillus coli infec- 
tions of the urinary tract was first advocated by 
Huber (1936) who obtained striking results in pyelitis 
of children. Kenny, Johnston and von Haebler (1937') 
treated. forty -six cases in adults with good results, 
mainly in cases of pregnancy and the puerperium. 
Using prontosil album they obtained cures in from 2 
to 5 days - results comparing extremely well with 
those cases treated by mandelic acid or hex_amine 
(Ro senheim 1935), in which 10 to 21 days of treatment 
was found to be necessary. Kenny and her colleagues 
did not find that all strains of bacillus coli were 
equally susceptible to the bactericidal action of 
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sulphanilamide5 some were almost completely resi 
Combining their clinical observations with in vitro 
tests on the bactericidal power of sulphenilamic.e in 
urine, they found that this power was proportional to 
the sulphanilamide content of the urine. It has, in 
addition, been shown by FIelmholz and Osterberg (1957) 
that sulphanilamide is much more bactericidal in e1ka- 
line than in acid urine. 
Admittedly the types of infection treated by Kenny 
and l er colleagues respond. more readily to treatment of' 
any kind than the more chronic forms of the disease. 
Nevertheless other reports (Cook and Butchtel. 1937,and 
Túrk 1937) claimed success with chronic bacilluria. 
Bunda.s (1937 -8) recorded successful results using sul- 
phanilamide in pyelonephriti.s and appendicitis, and two 
cases of peria:ppendi.cula.r abscess in children (F.Roberts 
- unpublished) responded rapidly to _administration of 
8c_.B 693 with complete disappearance, in each case, 
of the palpable lump. There is therefore good evi- 
dence that sulphanilamide is effective in bacillus 
coli infections. 
Bacillus ¶¶ghhoo'sus -. 
A. case of typhoid pyelitis and bacilluria, which 
had failed to respond to hexamine and ammonium mande- 
late treatment yet showed a negative culture for B. 
typhosus after five days treatment with sulphanilamide, 
was recorded by Barer (1937) . 
It seems that sulphanilamide has not sufficient 
action on bacillus typhosus. ' -o hold out hopes of 
much benefit during the acute phase of the disease, 
(Schmidt l93&)\ Yet, it appears that it may be of 
6 .. 
use in treatment of' typhoid carriers. .
Bacillus Welchii: 
Long and Bliss (1937c) succeeded.in protecting 
mice from Bacillus VTelchii infections with sulphanila- 
mide provided the ihoculum did not contain too much 
exatoxin, and Domagk (1937) obtained the same results 
with Aileron. 
Impressive results in human beings were reported. 
by Dohlman (1937) . Three cases of extensive injury, 
due to car or lift accidents, developed as gangrene in 
spite of prophylactic antitoxins all recovered under 
treatment with oral sulphanilamide, two with drama-1 
is rapidity. 
rucellse Abortus and Meliteusis : 
Favourable reports have been made on the action of 
LC_ 
sulphanilamide both on Br. Ab. rtfs and Br.Meliteusis. 
rancis (1938) described two cases of undulant fever and 
eferred to five other papers on the subject :he told of 
n vitro experiments from which it appeared that bru- 
ella abortus was more susceptible than the streptococcus 
yogenes to bacteriostasis by sulphanilamide. 
Bacillus Pestis: 
Schultze (1939) obtained favourable results in mice 
and rats infected with bacillus pestis, especially 
with IMF & B 693: Successful treatment of' bubonic plague 
in Africa was reported by Carman (1937 -38) : he used 
ronto si l ru'b rum. 
Malaria: 
Pronto sil was said to have .given successful re- 
lts in malaria (Hill and. Goodwin 1937), but a special 
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committee appointed to investigate thi s 
Question in 
the United States reported entirely negative results 
(Paget, Palmer and Sherwood (1938). It was considered 
that earlier reports of' cure must therefore be di.scre- 
dit ed. 
Virus Di seases: 
In general, virus diseases have proved. resistant 
(McKinley 1.939) In neurotropic diseases, e.g., polio- 
myelitis, sulphanilamide has no therapeutic action., 
The action on the virus of lymphogranuloma in- 
guinale has already been referred to in connection 
with venereal diseases. 
Flyari (1938) recommended the use of sulphanilamide in 
treatment of the common cold. He had treated over one 
hundred patients and. stated that the results were 
"swift, positive, and, in those cases treated in the 
prodronial .stage, most dramatic". He had experienced 
no failures. 
A case of small -pox in,which apparently both 
pustulation and the invariable accompanying secondary 
rise ref temperature did not occur was reported by King 
and Rosario (1538) . 
Investigating five drugs of sulphanilamide deri 
vation, Oakley (1938) found only one, 4= 41diamino- 
diphenylsulphone glucoside, was of any value in mice 
infected with the influenza virus. 
Actinomyco si s: 
A case of actinomycosis developing in a youth 
with an open abdom.irna1 ainus following an operation 
for gangrenous appendix was reported. by Walker (1938) 
Six days of treatment with sulphanilamide by mouth 
caused rapid lessening of the purulent discharge and. 
disappearance of sulphur granules. After ten days 
interval, the treatment was repeated for a further 
five days resulting in healing of the sinus. 
Bacillus Tuberculosis: 
The general impression conveyed by all the work 
done is that tuberculosis can be retarded to some ex- 
tent, but not controlled, by chemotherapy. It also 
appears that infection with the human type of tubercle 
bacillus is more amenable to treatment in the guinea - 
pig than is bovine infection. 
Rich end Follis (1938) observed that sulphanila- 
mide "exerted a striking inhibitory effect upon the de- 
velopment of the tuberculosis" in guinea -pigs infected 
with a human strain of bacillus. The sulphanilamide 
was administered subcutaneously in doses totalling 
daily from 200 to 500 mgm. The latter a. geared to be 
the optimum therapeutic dosage. In spite of the in- 
hibitory effect however the drug failed to prevent com- 
pletely the growth of tubercle bacilli. They observed 
that macroscopic lesions in the spleen were much slower 
in appearing in the treated eniraEls than in the con 
rots. 
In an attempt to confirm the findings of 'Ri ch and.. 
áollis, Buttle anl. Parish (19.8) obtained less striking 
might 
results. The discrepancy, they thought/ be due to a 
lifference of strain of bacilli. 
bacilli. They inoculated guinea -pigs with human tubercle/in 
oses of 100 and 1000 million organisms: others were 
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inoculated with bovine bacilli in doses of 20 and 
200 million organisms. Eighty animals in all were 
r 
inoculated1 and half in each group were kept as con- 
trols while the other half were given sulphanilamide, 
500 mgm. daily; this was administered in a suspensioi 
by mouth in four equal doses. The dosage of sulphan- 
ilamide was halved after the sixth day on account of 
toxic manifestations - loss of weight and temporary 
paralysis - in some of the guinea-pigs. - x.111 surviv ng 
animals were killed on the forty- second day. 
It was found that sulphanilamide had not com- 
pletely arrested the development of generalized tuber 
culosisybut that it had apparently produced some de- 
gree of inhibition of the disease. The lesions of th 
treated animals that died or were killed after the 
fourth week of the experiment appeared. less than in 
the controls. Although rnacrpsco4c foci were pre- 
sent in the spleens of all the guinea -pigs, they were 
fewer, smaller and showed less tendency to coalesce in 
the treated animals; and while in many spleens of co 
animals no normal splenic tissue could be found 
microscopically, in most of the treated animals each 
tubercle was surrounded by a broad zone of more or 
less normal spleen. But in no instance was there the 
slightest sign of healing. Many tuberculous foci 
were present in the lungs of both treated and controls, 
but they were somewhat fewer and more discrete in the 
former group and there was less associated basal con - 
solidation. Also the inguinal and. tracheo -bronchial . 
lymphatic glands were much smaller and not so caseous 
in the treated guinea -pigs. 
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The livers showed. macroscopic lesions and variation 
in extent of the infection in the treated and control 
groups was slight. 
The drug had very little influence on the course 
of infection in guinea -pigs, and none in rabbits,when 
the bovine strain of bacillus was used. 
Greey, Campbell and Culley (1958) obtained some 
beneficial effects against human tubercle bacilli pro- 
vided. administration of the drug took place from the 
very beginning of infection: when treatment was de- 
layed until 17 -- 24 days-after inoculation sulphanila- 
mide failed to alter the macroscopic appearance of 
the tuberculous lesions. 
Ballon and Guernon (1938) fully confirmed the 
work and findings of Bich and Folli s. 
On the other hand Cmittiourn (1938) noted no 
beneficial effects from intra- abdominal administration 
of 200 mgm. sulphanilami de daily for thirty days in 
guinea -pigs which he had inoculated intracerebally 
with human tubercle bacilli. 
Negative results were also obtained by Kolmer 
Rai zi s s and Rule (1938). They administered 200 to 
500 mgm. of sulphanilamide per kilo. intramuscularly 
twice daily for eight days after inoculation of guinea - 
pigs with human tubercle bacilli. There was no cura- 
tive effect from this interrupted therapeutic proce- 
-lure, and a further study of six derivatives of sul- 
phonamide also yielded. negative results. 
Levin (1939) treated a small group of guinea -pig1 
with 15 to 10 mgm. of sulphanilamide intramuscularly 
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each day for eight days before an seven days after the 
subcutaneous inoculation 7-ith tubercle .acilli 
(type not stated). Necropsies performed eight weeks 
later failed to réveel my prophylactic or curative 
action. 
Greey, Boddingto and Little (1939) repeated 
the earlier (1978) study of the senior author, and 
founif that the daily oral administration of 300 mgm. 
of calphanilaral de, divided into four equal doses in 
twenty-four hours, inhibited the tuberculous process in 
guinea-pigs infected -th human tubercle bacilli. 
Birknaug (1-4.)39) was able to show an undoubted in-I 
bibitory action of ,L=ntoeil soluble against bovine 
tubercle bacilli. Each guinea-oig ras inoculated 
with an exceedingly small dose of bacilli an tie ex- 
periment was contrialee with extreme care. Effect 
of treatment was assessed in several nays. 'ether 
judged by changes in body weight, bi behaviour of 
tne :lood-picture, or by the extent of the disease 
found Doet-morten and the numbers of bacilli in the 
leiori, it seemed clear that the chemotherpey had e 
reitrininvr influence on the development of tubercu- 
losis and that for the time being it mitigated it ef- 
fects. Even tbis partial euccess was noteworthy being, 
as it was in an animal incapa*le of actual recovery 
from infection with virulent tubercle bacilli. 
Ina-ach as sulphanilamide only exerted an incora- 
plete b-,er---Jeriostrrtic effect on the tubercle bacillue 
nneeed/be carried out with new 
co77_ -'-'_er-v-res of 7:alphanilamide. 
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Birkhaug mentioned that he was already investigating 
the action of'M & B 693 "in experimental tuberculosis. 
In this connection a report has already been 
published by Feldman and Hinshaw (1939). By giving 
comparatively enormous multiple doses of "M & B 693' 
(2- sulphanilyl- smiriopyrLdine) to guinea -pigs, they 
were apparently able to- retard and modify the course 
of subsequently inoculated tuberculosis. 
Twenty guinea -pigs were inoculated subcutaneously 
with 0.0001 mgm. of a strain of tubercle bacilli iso- 
lated three months earlier from a patient with pulmon- 
ary tuberculosis. For three days before and ten days 
after inoculation 250 mgm. of the drug was given twice 
daily by mouth to the selected animals. After the 
tenth day, until death or the end. of the experiment 
eight weeks after inoculation, the dose of drug was 
halved. 
Lesions were found at necropsy in all the mem- 
bers of the control group. The spleen of each was 
strikingly tuberculous and the lungs of those that 
survived for five weeks or more after inoculation were 
slightly or moderately affected. In the group 
treated with"M & B 69 j" the following lesions were found: - 
One anima., had definite lesions in liver, lungs and 
,spleen; four had lesions in the lungs but doubtful 
ones in the spleen; one had only a doubtful splen!e 
lesion; six animals had no macroscopic lesion in 
liver, lungs or spleen. 
The action of "M & B 693' was recorded recently in 
the case of a woman; aged 45, who had had pulmonary 
;tuberculosis for ten years with occasional exacerba- 
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tions,whose lungs were now extensively involved and .Y ho 
showed continued uremia_ (4ilson 19,39). She ha.d pro - 
fuse sputum, night -sweats end was wasting rapidly. 
`M & B 69.3' was given more or less in desperation to 
avoid the apparently inevitable fatal outcome. The ef- 
fect was immediate. Her temperature began to fall at 
once and, by the end of the week, was normal, The 
drug was stopped for a week owing to side- effects and 
her temperature had by then risen again to 99 °- 100 °F. 
The drug was restarted with the same immediate effects 
it was continued. for a. fortnight, and by the beginning 
of the second week the temperature had fallen to 97 °F 
where it remained. Sputum had decreased to about 
half its previous volume,but there seemed to be no al- 
teration of the physical signs in the lungs. 
Some weeks after the present investigations were 
concluded, two American workers, Nayer and Steinbach 
(1939), publi shed their result s of treatment with 
sulphanilamide of eight patients with advanced pulmon- 
ary tuberculosis. All cases had bilateral disease an 
five in addition showed cavitation. Other forms of 
therapy had proved useless. 
The dosage of sulphanilamide was variable, between 
2 -3 gm. being administered daily for periods ranging 
from ten to seventy -nine days. Sodium bicarbonate was 
given at the same time to counter any tendency to 
ccidosis. 
ild cyanosis was observed in every case, most in- 
tense during the first few days and. persisting through - 
out to some degree. It disappeared. completely within 
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twenty -five to forty -eight hours after the drug was 
stopped. Headache, nausea, anorexia, some loss of 
weight,and one instance of haemolytic anaemia were 
recorded. 
As far as could be evaluated by clinical obser- 
vations, radiological examination of the chest or 
laboratory tests for activity, there was rio effect, 
either beneficial or harmful, upon the disease. 
Toxic Effects of Sulphanilamide: 
New drugs nearly always go through a phase. in 
which their toxic effects receive too little attenti n 
in the medica.l press: later they go through another 
phase in which they receive too much. The sulphani a- 
mide drugs have for a considerable time been in the 
second phase and the medical journals are still 
flooded with reports of isolated cases illustrating 
the toxic effects. 
Certain toxic effects, usually but not always 
the result of prolonged administration, may arise 
during or soon after sulphanilamide treatment. By 
far the commonest symptom is the so- called cyanosis 
or blueness of the skin (di scussed.. lat er) . 
Nausea: with epigastric pain and sometimes vomitin 
are symptoms produced by sulphanilamide. These 
often appear during the first day or two of adminis- 
tration and subsequently disappear, so that they can 
be neglected in most cases where there is an iffica- 
tion to continue the drug. There is less likelihood 
of vomiting if aodim bicarbom.ate is administered - 
ÌJ. 
due, no doubt, to cor batting the tendency to aci d.osi 
which exists. 
Southwark (1937) found clinical evidence of 
acidtkli s in two out of fifty patients treated with 
sulphanilamide. This led him to study the Col -com- 
bining pov-,er of the plasma of fifteen further cases. 
In every in st ance a con si st ent though variable fall 
in this power occurred. The mechanism whereby it was 
produced is thought to be interference with the re- 
absorption of bicarbonate in the kidney tubules 
(Marshall Cutting and n.erson 1938 ) . 
Skin rashes: Occur in about 6 Per cent. of cases 
(Hagetrian and Blake 1538) . The rashes may be pur- 
purie, scar.latiniform, morbilliform or maculo -papu- 
la_r, and the distribution may be general or patchy. 
So closely do the eruptions simulate the rashes of 
the common exanthemata that they may lead to diffi- 
culties in differential diagno is curing epidemics. 
Occasionally the rashes are accompanied by itching. 
The rare condition of exfoliative dermatitis has been. 
described following sulphanilamide. 
Drug fever : May occur seven to twelve days after the 
drug has been started; , the temperature may rise to 
102 °, and it is sometimes accompanied by a rash on 
the exposed parts of the body. The fever disapaears 
as soon as the drug is withdrawn. It has been sug- 
gested that this fever may be caused by liberation of 
the lysed products of the bacteria. The symptom may 
easily be confused with a recrudescence of the orig- 
inal infection, although usually the latter will 
occur after the drug, has been withheld.. (Colebrook 
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and. Purdie 19 37) 
Nervous symptoms may arise. Dizziness, depression 
. and headache are common, especially in ambulant 
patients. Depression seems to be worse with rTv7 & B 693 
than with sulphanilamide. Palpitation, paraesthesia, 
tinnitus and peripheral neuritis are also seen; the 
last mentioned symptom is very rare with sulphanila- 
mide, but has often occurred with uleron. 
By far the most serious condition produced by 
these drugs is agranulocytosis. Young (1937) pointed 
out that ar idop rine, phenacetin, certain gold salts, 
and arsphenamine could produce agranulocytosis, and 
had in common the benzene ring with an attached amine 




Sulphanilamide gy_alifies for inclusion. In view of 
observations made later in this thesis on the peculiar 
combined action of gold and sulphanilamide, it is in- 
teresting to note here that claim is made for combined 
therapy with prontosil rubrum and amidopyrine by J ìller 
(1939) : he has had great success thus treating both 
streptococcal and staphylococcal infections. That all 
three drugs should be potential causes of agranulocy- 
tosis is indeed interesting. 
Burton and Howkins (1938) performed serial leucocyte 
counts on fifty patients undergoing treatment with su.71- 
i phanilamid.e (21 gm, over a period of fourteen days) . 
They found a transient polymorph leucopenia in 4b per 
cent. and monocytosis in 44 per cent. 
The blood 
changes usually occurred between the seventh 
and twen- 
tieth days of treatment. There is no doubt that slight 
degrees of leucopenia are common,but u to August 1939 
only fifteen cases of a_granulocytosis due to sulphani- 
lamide had been described - nine of them fatal (Jen- 
nings and Southwell- Sander 1937, Johnston 1938). 
It may well be that it is commoner than is at present 
considered, as it is impossible to diagnose the condi- 
tion unless a blood count is done; the symptoms assoá- 
iated with it are intense headache, fever and a deter -I 
ioration of general condition. 
Agranulocytosis seems to be particularly common 
in cases that have not responded well to the drug. 
It seems to occur with"M & B 693" as often as vith sul1 
phanilamid.e. It has been more rare, but recorded, 
with prontosil rubrum and proseptasine. So far no 
cases have been associated with administration of 
rubi a zol . 
Haemolytic anaemia, like agranulocytosis, is also a 
rare condition; but it occurs usually in the first few 
days of treatment. There is a. sudden fail in the 
number of red cells and a varying amount of jaundice 
together with haematuria. 
Harvey and Jáneway (1937) having treated. a series 
of patients without mishap were, in the course of three 
weeks)fa.ced with three examples of haemolytic anaemia 
following sulphanilamide which had been given in large 
doses. Recover;, occurred after transfusion with ci- 
trated blood. 
One should mention the tragedy which occurred in 
7b 
America with a proprietary "elixir of sulphanilamide" 
in the autumn of 1937. The elixir consisted of a sol- 
ution of sulphanilamide in a menstruum containing 
,diethylene glycol. It was the latter substance which 
was held. to be responsible for the 73 deaths which 
resulted - usually, it seemed, with anuria. 
Cy sno si s : 
The cyanosis which occurs in the course of sul- 
phanilamide treatment is not associated with respira- 
t©ry distress, and investigations have shown that it 
is not necessarily accompanied by a change in the con - 
dition of the blood pigment. It seems likely that 
it is due to the condensation products of the drug 
itself (Marshall end Walsi 1937c)ß and it is generally 
considered that it is not a symptom which should deter 
the physician from further administration of the drug. 
The other causes of cyanosis are methaemogiobin- 
aemia and sulphaemoglobinaemia: they arise Quite 
often during treatment and are responsible for cyano- 
sis which may develop raidly and to a considerable de- 
gree. 
Paton and Eaton (l 37) concluded that it is 
metha.ernoglobin which is the true toxic product of sul 
phanilamide, but that sulphaemoglobinaemia ari ses Wi h 
frequency if sulphates are being taken as well. Meth 
aemoglobin causes no trouble as it is rapidly reconver- 
ted. into haemoglobin on cessation of treatment and 
even more rapidly on parenteral administration of 
methylene blue. In this respect it differs greatly 
from sulphaemoglobin on which methylene blue exerts no 
77. 
influence. Sulphaemoglobin has been detected 
six we 
after administration of Sulphanilamide. 
Sulphaemoglobin a emi a. is due to the union of in- 
testinal H2S with the haemoglobin, a reaction which is 
catalysed by sulphanilamide: it is to be avoided by 
withholding purgatives) except very ' i_'ld ones like 
liouid paraffin, and b;, giving a low -residue 
cluding eggs (Archer and Discombe 1937). 
Colebrook end Kenny (1956b) in a series of 




non -fetal sulphaernoglobinaemia in tree patients, in 
one of whom it developed. after as little as 4 gm. had 
taken; all the patients in this series had. magnesium 
sulphate. Later (Colebrook et e]. 1936c), they re- 
corded another series of 26 cases of puerperal sepsis 
treated with prontosil but from whom magnesium sul- 
phate was withheld; none of these b atients developed 
sulpha.einoglobina.emia:. Though very rare, fatal cases 
have been recorded.. One was described by Frost (1937 
His patient, a girl of 12 suffering from suppurative 
arthritis of the knee, succumbed after only 10 ccm. 
Prontosil soluble and 6 g. Proseptasine had b._.en give 
It seemed therefore to be more a question of idiosyn- 
crasy to the drug than of overd.osage in this case. 
Diagnosis of sulphaemoglobina.emia is made by 
spectroscopic examination of the blood. This method 
is seven times more sensitive than is perception of 
visible cyanosis. Archer and Discombe were able to 
detect sulphaemoglobin in concentration greater than 
that corresponding to 4 per cent. haemoglobin (Hal - 




30 per cent -. hemoglobin had been converted. 
The characteristic band of sulphaemoglobin i s 
in the red part of the spectrum - lying between 6150 
and 6280 .Ang ström units. To di stingui sh sulphaemo- 
globin from methaemoglobi n,, ammoni a (0.4 per cent .) i 
added to the specimen of dilute shed blood; armLionia 
destroys the az band of methaemoglobin but does not af- 
fect that of sulphaemoglobin. 
Other confirmatory tests for the presence of sul, 
pha.emoglobin can be made: such are in the persistence 
of the band after addition of reducing agents, e.g. 
amT.11onium sulphi de, sodium hydro sulphit e or sodium 
cyanide; (2) shift of the cc-bend towards the violet 
on treatment With carbon monoxide. 
With experience it is p_.)ssible to detect quite 
small quantiti es of sulphaemoglobin, even without 
drawing off blood,:by using a torch and direct vi sion 
spectroscope (Harrison 1930). The blood in the lobe 
of the ear is examined. Such a method is particularly 
accept able to patient s, . wvvho may exhibit cyanosis even 
before sulphanilamide is commenced - a.s in pneumonia 
or tuberculosis. 
Discombe thought it was highly probable that all 
drug s containing the group C6H5N -. were c ap abl e of 
causing methaemoglobin and. of facilitating the produc- 
tion of sulphaemoglobin. Such. drug s are derived from 
aniline or nitrobenzine,e,g. phenacetin, a.cetenilide,. 
methyl a.cetanilide, sulphanilamide or nitrobenzene. 
He thought that if any new drug, containing this group 
were administered in Iarge dose, such a complication 
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should be anticipated, and he considered that in 
treatment with sulphanilamide it was important to ex- 
amine spectroscopically the blood of all patients who 
developed cyanosis. 
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TREAD ENT OF PULMONARY TUBERCULOSL . 
There is more than a little truth in the saying 
that nature cures the disease while the remedy amuses 
the patient. But to keep a patient happy and amused 
hen ill will contribute to his recovery. A drug may 
be used not only for its pharmacological action but 
also for its psychological influence, and the secret off 
the present popularity of heterodox practitioners is 
hat they appreciate and fully utilize methods which 
e impressive to the patient. 
In few diseases have there been a greater num- 
er of vaunted remedies than in pulmonary tuberculosis. 
long as these remedies act as psychological tonics 
hey all prove to be of value, but their value is short - 
ived. As soon as the novelty has worn away the bene- 
it is no longer apparent, the old symptoms return and 
he patient reverts to his former condition. The 
hthisical patient is often swayed by others - easily 
'nflue.ced by suggestion - and therefore ready prey for 
he plausible quack who may scarcely know one end of a 
tethoscope from the other. But pulmonary tuberculosis 
s a chronic disease and is not cured overnight by sug 
estion aloha nor is it cured by the starvation -diet o' 
ertain so- called naturopaths. 
Even amongst the orthodox opinion varies. The 
therapeutics of any one generation are always absurd to 
lacthe 
second succeeding generation, but the basic treat - 
nt for tuberculosis, aiming to build up the natural 
esistance of the patient by means of rest, fresh air 
a nourishing diet,has withstood the test of time. 
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Most alleged remedies for the disease,after 
enjoying a brief popularity, have beendiscarded as 
useless. It remains to be seen whether sulphanila- 
mide merits an extensive.. trial or whether it should be 
added to the already long list of discarded "remedies" 
for tuberculosis. 
Treatment is the most important part of the 
medical art from the point of view of the patient. 
Treatment of pulmonary tuberculosis is tedious and 
requires great patience. Despite the introduction of 
collapse therapy there is still no short -cut to cure. 
Rest, and prolonged rest at that, remains the sheet - 
all 
anchor of /treatment . 
Before assessing the role that should be played 
by sulphanilamide in treating tuberculosis one must 
consider the lines of therapy already en loyed - 
Isider how effective they are, the results that they can 
¡produce, the occasions when they can or cannot be used, 
their disadvantaes as well as advantages, and whether 
or not sulphanilamide may be used coincidently with 
them. When these points have been clarified one can 
better ad ,5udge what scope there is for the use of sul- 
phanilamide. 
The ordinary lines.of treatment adopted for pul- 
monary tuberculosis may be classified under three head- 
ings : - 
(a) Treatment to improve t'e eneral health of 
the patient. 
(b) Treatment to check the tuberculous lesions. 
(c) Treatment of specific symptoms. 
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Treatment to Improve the General Health of the Patient. 
Anything which undermines the general health of 
a patient and reduces his vitality may prepare a fav- 
ourable soil for the growth of tubercle bacilli within 
the body. Anything which stimulatetOvital defensive 
forces that are inherent to some degree in every indiv- 
idual, or which improves the nutrition of the body, 
should hinder proliferation of the bacilli. 
.,ith improvement in the general condition the 
local lesion may cicatrize, or the dissemination of 
bacilli may be prevented. 
The aim of the treatment is therefore to in- 
crease the resisting ,powers of the patient and so ren -¡ 
der his body an unsuitable soil for growth of the in- 
vading bacilli. Rest , fresh air, sanatoria and good, 
food are the chief examples of such treatment. 
Rest: 
To formulate a method of treatment applicable 
to all cases of pulmonary tuberculosis is impossible. 
TreatAnent must be elastic, adapted to suit each case, 
fitted to the polymorphous nature of the disease and 
to the various accidents and complications arising in 
its course. 
Rest in bed is required in pulmonary tubercu- 
losis to ensure that respiratory movements shall be 
sufficiently quiet and shallow as to allow the forma- 
tion of fibrous tissue to take place in the lungs. 
Rest provides the opportunity for nature to arrest the 
disease. 
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Wingfield (1929) describes seven stages of 
rest. On the one extreme, absolute physical and 
mental rest as for cases with typhoid fever; Sri the 
other, permission to wash out of bed and visit the 
bathroom though otherwise remaining in bed. Inter- 
mediate stages are permission to feed oneself and talk; 
to read, write and have visitors; to wash oneself 
and sit upright for deals,; to sit in a chair beside 
the bed; to walk to the lavatory. 
The duration of rest is dependent on the rate 
of progress and it is judged by various criteria. 
These are the temperature, pulse -rate, weight, blood - 
sedimentation rate, x-ray appearance, symptoms, physic 
cal signs, blood examination (polymorpl-lymphocyte- 
monocyte ratio and haemoglobin estimation), and the 
vital capacity of the lungs. 
Briefly, in case of exudative tuberculosis,the 
temperature should be settled, resting pulse -rate be- 
low 90, blood- sedimentation below 20, nutrition rea- 
sonably satisfactory, symptoms improved and x -ray ap- 
pearánçe considered to show satisfactory progress be- 
fore the patient is allowed out of bed . 
More latitude is permissible in cases of 
chronic fibroid tuberculosis since pyrexia etc. have 
less significance and may indeed be quite compatible 
with a reasonable state of health. 
Exacerbation of existing symptoms or appear- 
ance of new ones, increase in moist rules, return of 
pyrexia, increased pulse or blood -sedimentation rates, 
significant loss of weight or radiological evidence 
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of spreading disease, all call for more prolonged or 
even complete rest in exudative cases. 
Fresh_ Air. 
When one speaks of fresh air it does not mean 
air rich in oxygen. There is the same proportion of 
oxygen in city as in country air, and there is less 
at high altitudes, such as Switzerland, which are so 
popular for tuberculous patients. The benefit of 
fresh air is probably due to the cold vnbich has a 
stimulating action upon the body. 
As long ago as 1840 George Bodington urged 
treatment of tuberculosis with fresh air and a gener- 
ous diet. Yet there are many still living who recall 
the curtains, weighted down with sandbags, which used 
to be employed to exclude fresh air and sunlight from 
the rooms in which lay patients dying from consumption. 
Nowadays fresh air and tuberculosis. are so 
closely linked together in the popular mind that fresh 
air is believed to be a specific for tuberculosis. 
This is of course a fallacy since, with few exception 
all sick persons do better if they are nursed in the 
fresh air. But there is no question about the good 
results attributable to fresh air in tuberculosis. 
The temperature subsides, night -sweats vanish, sleep 
becomes sounder and more refreshing,and there is a very 
striking improvement in the general appearance of the 
patient. That is evident to all onlookers and acts 
as a tonic to the patient himself. 
Besides the obvious benefit of fresh air to the 
tuberculous patient, there is another consideration, 
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less obvious but no less important. It is that he is 
less likely to contract catarrhal conditions in the 
open air than .in crowded, stuffy and overheated rooms. 
Sulphanilamide does not enhance the natural re- 
sisting power of the body. Sulphanilamide is employed 
for its anti -bacterial properties. It should therefore 
be classified in the second group of anti -tuberculous 
treatment, among therapeutic measures intended to 
check tuberculous lesions. It is in no sense a sub- 
stitute for measures such as rest and fresh air which 
are calculated to improve the general health and resis 
taz.ce to disease. No measure calculated to check 
tuberculous lesions is by itself sufficiently potent 
to replace or entirely dispense with rest and general 
tonic treat-ent. 
Sulphanilamide may be given to tuberculous 
patients but only at the same time as they are deriving 
benefit from rest and fresh air. 
Sanatorium Treatment. 
The aimof the sanatorium may be summarized as 
follows:- It aims to teach the patient how to live 
under his altered circumstances and how to train the 
body to as high a condition of physical fitness as 
possible. 
The patient is treated for a time in exceptional 
surroundings with the ultimate object that he may be 
able and willing to perform: ordinary work in his usual 
environment, unless this is obviously unhealthy, when 
occupation should be changed. 
While in hospital he is removed fro .. those whom, 
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by carelessness or ignorance, he might infect. He 
learns the principles of how he should live and on his 
return home he can teach others likewise. 
A summerhouse in the garden at the patient's 
hole is a poor substitute. The co- called "sanatorium 
treatment at home" usually fails because it is not 
possible to produce at home all the factors which are 
present in a sanatorium. 
A sanatorium is the method of choice for all 
early cases of pulmonary tuberculosis. Acute fulmin- 
ating cases, chronic fibroid disease and advanced 
phthisis are not suited for treat: _ent in a sanatorium,' 
but with these exceptions probably all cases of pul- 
1 
monary tuberculósis would benefit from institutional 
treatment. 
;Is an aid to hastening recovery, sulphanilamide 
might be a valuable adjuvant to sanatorium treatment. 
It is relatively cheap and its benefits or toxic eft 
fects could be closely observed in hospital. Indeed 
it is really unsuited for patients outside an institu- 
tion, in places where facilities for blood- examination 
and control are lacking. 
Heliotherapy. 
T:edical literature abounds in favourable re- 
ports about heliotherapy in extrathoracic tuberculous 
!lesions. Inasmuch as the mortality of patients with 
such lesions is negligible, and the disease tends to 
spontaneous recovery, the statistical results will 
almost invariably be excellent. 
Most of those who have applied heliotherapy in 
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pulmonary tuberculosis agree that its only field of 
usefulness is in patients with sclerotic or fibroid 
lesions; that patients with fever, tachycardia, and 
other ,.symptoms of toxaemia ale liable to be harmed bÿ 
the treatment. Cooper (1928) wrote that "taking the 
consensus of opinion of medical officers who are 
using heliotherapy on such classes (hospital) of 
patients, it appears that heliotherapy intelligently 
used in fibrosing cases of pulmonary tuberculosis 
showing a tendency to improve, will hasten improve- 
ment." 
In other words heliotherapy is recommended 
in pulmonary tuberculosis only for those cases that 
tend to spontaneous recovery. It is likely that the 
benefit, if any, is derived from the stimulus of 
fresh air on the skin or from psychological causes, 
and not from the sun rays. 
For those patients with pulmonary tuberculo- 
sis or other diseases who are receiving sulphanila- 
mide, exposure to sunlight should be restricted. 
Thomson (1939) points out that sunlight is a pro- 
minent factor contributory to production of skin 
rashes in those sensitized to the drug. 
Climate and .ea-Voyages. 
A change of environment has for centuries 
been considered beneficial. Celsus (25 B.C.) wrote: - 
"The patient must change his climate, taking care to 
remove to a grosser one than that he leaves, and 
therefore from Italy to Alexandrin, is a very agree- 
able change." 
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A century ago the tropics were advised, then 
Maderia was fashionable and later Davos became the 
Mecca of the consumptive. Belief in the mountain air 
for consumptives was held by the ancient Greeks. and 
Indians. 
The modern tendency is to regard climate as a 
matter of secondary importance. There is less desire 
to send the patient abroad. . 
Gauvain (1530) thought the English climate was 
ood for the tuberculous by virtue of its variability. 
ut no air in the world can make up for the absence of 
necical guidance and discipline which a well- conduçted 
sanatorium provides. still, popular belief in the 
alue of climate is so strong that it is generally wise, 
or psychological reasons,to allow the patient to go 
here he wishes, provided he can get proper. treatment 
here and the place he selects is not actually unsuit- 
ble for him. No patient, however, suffering severely 
rom the toxaemia of tuberculosis ought to be sent 
abroad . The fatigue of the long journey may do infin- 
ite harm. 
High altitudes are suitable for early afebrile 
or advanced quiescent cases: unsuitable for active, 
febrile cases, for cases with emphysema or advanced 
fibrosis, for cases with cardiac or renal complications, 
and for patients who have recently had an haemoptysis. 
The sea -coast is suitable for cases with laryngitis, 
bronchitis and emphysema.. 
In treatment of active tuberculosis a sea -voyag 
is almost always a mistake. It should be reserved for 
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those in complete convalescence and preferably for 
those who can stand a sea -trip well. Theoretically 
the good food, the rest and the opportunity for fresh 
air and sunshine are all satisfactory. In practice the 
cabin may be extremely hot and ill -ventilated, not 
at all suited to the tuberculous patient. Moreover 
the monotony causes a consumptive to be introspective 
and this may produce depression of spirits. 
Diet. 
7 
A variety of dietetic systems have been re- 
commended in the past for the treatment of tuberculo- 
sis but none has proved to be of specific value. 
Some may even have been harmful. 
In outlining the modern principles of diet in 
tuberculosis Dunlop (1939) remarked that no diet was 
definitely contraindicated provided the digestion was 
good, and held that a good cook was more useful than 
a detailed diet sheet. 
In principle the patient requires sufficient 
food to cause a gain in weight. This gain should bl 
steady and weekly, t:.ough the ultimate weight to be 
aimed at is a matter of opinion. Some think it shoul 
be about a stone above the previous best weight. 
Wingfield (1939) held that the normal eight of the 
individual in health need not be exceeded and that 
all attempts at stuffing or over -fattening should be 
avoided. 
The ordinary diet will require slight altera- 




B 693" or allied drugs, with the exception of rubiazol, 
because sulphur -containing foods or medicines are 
prone to cause sulphaemoglobinaemia. Eggs and onions 
must be excluded and magnesium sulphate and like saline 
purgatives avoided. 
Sulphaemoglobinaemia has never been recorded 
with rubiazol even under provota.ti.on with massive dose 
of magnesium sulphate. 
Exercise: 
Exercise is complementary to rest and like the 
latter must be very strictly supervised. Over-exer- 
tion can quickly undo the benefit of many months of 
est in bed. 
At many sanatoria walking is the only form of 
exercise permitted, and it is sound to allow no other 
orni of exercise for at leastitwo years after the dis- 
ease has become arrested. Patients ought never to run 
or walk quicker than three miles an hour. 
For patients who have to earn their living by 
Manual labour a system of graduated labour may be em- 
loyed when they have finished the initial period of 
est. Paterson (1911) developed a system along these 
ines. He believed that the reactions in tuberculous 
atients, which followed a moderate amount of exercise, 
sere beneficial; that the patient was in effect being 
treated by his own tuberculin. Whether this was the 
.rue explanation or not, the results of the treatment 
Were said to be very good. 
Cooper and Dow (1928) described certain exercise_ 
tests which they found to be of value in prescribing 
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exercise and as an aid to forming an u1ti. 
:_a.t.e prognosis. 
They considered the temperature was the most importan t 
guide to the patient's capacity for exercise, but 
other signs such as loss of weight, increase of symp- 
toms, greater sedimentation rate or decreasing vital 
capacity called for readjustment of treatment and 
usually increased rest. 
In regard to recreation, the best course seem 
to be to forbid no game or pastime, unless it is 
harmful to the patient's health. He has quite ehoúgh 
to bear without any unnecessary restrictions. Patien s 
should be allowed to choose their own recreations and 
all harmless amusements should be encouraged. They 
should not be allowed to play any game which unduly 
excites them, and it must be remembered that relapse 
is more often the result of outdoor games than any 
other caues. All energetic games, e.g., hockey., 
tennis, football, cricket, must be forbidden. 
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TREATMENT TO CHECK TUBERCULOUS LESIONS. 
Colla2§e Therapy. 
There is no question but that operative meas- 
T.her, in treatment of phthisis represent a tremendous 
advance in this sphere. The treatment is still compara- 
tively young but the principle is not so. Tuberculosis 
requires rest. A tuberculous joint must be immobil- 
ized. So, if possible, must a tuberculous lung. 
Every day the lungs of a patient have to open 
and close nearly, 30,000 times. This number will be 
greater after exertion but minimal if the patient is 
at rest. Immobilization of t he diseased lung is 
greatly facilitated by collapse -therapy, which acts 
as a local splint. The methods of established value 
are : - 
1. Artificial pneumothorax. 
2. Sntrapleural division of adhesions. 
3. Phrenicectomy (crushing or evulsion of thé 
phrenic nerve) . 
4. Extrapleural Thoracoplasty (local or ex- 
tensive resection of the ribs.) 
5. Extrapleural pneumothorax. 
Early and progressive cases of the exudative 
or caseous type represent an urgent problem, and are 
treated by the simpler methods such as artificial 
pneumothorax. The more drastic measures involving 
rib resection are reserved for established fibrotic 
disease, especially when cavity formation predominate 
They may, without detriment to the patient, be per- 
formed only after considerable delay. Sometimes the 
;;,lethods 
msy be employed in combination with advantage. 
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Bilateral disease presents an obvious barrier 
to the treatment and so also, with the exception of 
ulceration of the larynx, do complications. It may 
be seen therefore that sulphanilamide could be use- 
fully combined with certain forms of collapse therapy. 
In bilateral cases with one lung collapsed,sulphanil- 
mide :::fight be given to check disease in the opposite 
lung as well as to assist in arresting the activity 
in the collapsed lung. It is probable theoretically 
that the drug would be of assistance in cases more 
suitable for artifiCial pneumothorax or phrenicectomy 
than for thoracoplasty since the latter measure is 
utilized mostly in fibrotic lesions. 
Complications such as extrathoracic tubercu- 
lous foci would not contra- indicate the use of the 
drug but rather call for its' employment, since a dru, 
circulating in the blood might influence an early 
metastatic focus which had resulted from blood -borne 
infection having its origin in the lungs. 
Artificial Pneumothorax. 
More than a century ago this measure was sugi. 
gested on theoretical grounds. Now it is employed a1 1 
over the civilised world. 
The principle is to relieve tension, prod.ce 
lymph stasis and rest the diseased lung, thus pre - 
venting spread of -the disease and allowing nature to 
effect a cure. If in addition a cavity is present, 
it hiay be closed when the tension of the lung is re- 
lieved by collapse. 
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Artificial pneumothorax implies the injection 
or aspiration into the pleural space of sterile air 
or other harmless gas, the quantity injected being 
regulated by reference to a manometer which registers 
the intra- pleural pressure. Normally, after the in- 
duction, this rressure is a negative one, e.g. - 
10 to 5 cm. water. At subsequent refills the intra- 
pleural pressure is increased gradually until the de 
sired degree of collapse in the diseased. lung is at- 
tained. Thereafter, by regular refills, usually. 
every 1 -2 weeks, the pressure is kept at the same 
level for an extended period - commonly two or three 
years. Provided. the disease appears to be arrested 
the collapsed lung is then 
, 
allowed slowly to re -ex- 
pand. 
Failure to an induction or a sati sfacto 
collap se is most commonly due to the presence of 
pleural adhesions or an adherent pleura. 
Indications. 
Artificial pneumothorax is carried out in all 
but the very earliest cases of acute or subacute ex- 
udative tuberculosis of a unilateral nature; also 
it is used in less acute cases in which activity per- 
sists in spite of rest in bed, or where disease 
in the lung remains stationary, and especially if 
constitutional improvement is not satisfactory. R 
peated haem crpty si s or cavity formation are likewnwi se 
indications for timely pneumothorax control. 
Almost always artificial pneumothorax is attempt- 
ed. before resort is made to other more drastic opera 
tive procedures. It may be performed in selected 
5 . 
bilateral cases with activity mainly in one lung. 
Sometimes it is employed. in bilateral cases, a pneumo- 
thorax being induced on both sides, but in such cases 
it is rather a policy of desperation. Obviously, while 
both lungs are actively di seaser, both cannot be really 
effectively collapsed at the same time. 
Contra-indications:. 
Extensive bilateral disease, pulmonary ..emphy- 
sema and dangerous cardiac complications are the chief 
contra -indications to artificial pneumothorax, but a 
satisfactory induction can seldom be obtained in old - 
standing fibroid cases owing to the presence of dense 
pleural a he sions. Chronic, thi o .-walled. cavities m a 
be so rigid that they are not obliterated completely 
even when the rest of the lung is satisfactorily col- 
lapsed. 
Treatment carried out for a period such as two o 
more years demands much patience and co- operation be- 
tween doctor and patient alike. It is time- consl]ming 
and may interfere with working- hours, and on these 
grounds there are those who prefer phrenic nerve op- 
erations. 
Were sulphanilamide effective it might well aid 
in shortening the period for which the lung would need 
to be collapsed. Although indeed a potent therapeutic 
weapon it is unfortunate that artificial pneumothorax 
is so often impracticable. 
In this connection I reviewed the records of the 
last five hundred patients admitted to the. Royal Victor- 
ia Hospital, a sanatorium only for early cases of 
pulmonary tuberculosis. Out of this number it was 
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possible to secure an induction in only 92, and of 
the 7 had shortly to be abandoned as being unsatis- 
factory. It is probably true to say that even 85 cases 
out of five h- unfired (17 per cent.) is a higher percen- 
tage than usual among sanatorium inmates. 
Since some authorities quote a figure in the re- 
gion of 10 per cent. of cases as being suitable for 
artificial pneumothorax it leaves much to be desired. 
Complications: 
It is doubtful whether sulphanilamide could be f 
any service in preventing compli cations from ari sing 
during artificial pneumthorax therapy. Certainly it 
would not abort those sudden occurrence[, air embolism 
and pl eur al sho ck, either of which may be fat al, whi ch 
may happen during induction. Nor, 
it prevent puncture of the lung, pneurno- peritoneum, 
medi a.stinal di splacement, pleural hernia or surgi cal 
emphysema, all of which sometimes occur. 
It is possible that the drug might lessen alarm -' 
ing febrile reactions though it would probably not 
prevent the commonest of all complications, pleural 
effusion, which occurs in approximately 50 per cent. 
of cases of artificial pneumothorax. 
In the majority of cases these effusions disap- 
pear spontaneously and therefore call only for expec- 
tant treatment, but in a small proportion the effusion 
becomes purulent and a pyopneumothorax results. This 
Is a serious occurrence and usually an indication to 
abandon pneumothorax. Possibly use of sulphanila- 
mide would avoid the necessity, though such is unlike- 
ly. 
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Results of Treatment by Artificial Pneumothorax. 
',-Saugma.ni and Gravesen classified the results of 
treatment of pulmonary tuberculosis under three head- 
ing s : - 
Group (i) cases with a. free artificial -pneumothorax 
(A ?.) 
r (ii) cases with adhesions but otherwise a 
satisfactory A.P. 
(iii) cases with adhesions which prevented the 
P.P. from being satisfactory. 
Their results over a period of from 5 to 13 years 
showed: - 
Group (i) - 70 per cent. well and at work. 
" (ii) - 33 per cent. well. 
n (iii) - 11 per cent. alive and well. 
The experience of the London County Council of 
artificial pneumothorax therapy is interesting. 
Bentley (1935) compared the results of 677 cases with 
artificial pneumothora_x,under the L.C.C. <^,nti- tuber- 
culosis scheme,treated between 1921 and 190 with a 
control group cif 7329 conservatively treated snub j ect s 
discharged from L.C.C. tuberculosis institutions in 
1927 and followed up for 5 years. 
The survival of all cases investigated was appro. 
mately 20 per cent. higher in the group with A -P (r.rt'- 
ficial pneumuthora.x) then among those conservatively 
treated. But of the A -P cases no fewer than 60 per 
cent. had an incomplete collapse of the lung. Thi s he 
a notable effect on the mortality. The figures were: - 
Alive at the end of 3 years - 
Group with complete collapse 6 -per cent. 
tr n incomplete collapse 50 per cent. 
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Of the survivors the medical condition was much 
better in the group with A -P than in the control. Thus 
the disease wa.s quiescent at the end of 5 years in: 
Group with A-P - 64 per cent. 
Cott rol group tt 
Intrapleural Division of Adhesions: 
All the above figures point to the imporhance 
of obtaining 'a complete, or at least selective, col- 
lapse. If, in the last series, 20 per cent. is taAk n 
as ä.ccurate1y representing the benefit of an artific 1 
pneumothorax before 19z0, it is most probable that 
the results at present would show a higher figure. 
This is becautle the practice of dividing adhesions is. 
now widely used. Only 5 per cent. of Bentley's ser- 
ies had undergone adhesion- section. 
It haw been estimated by Alexander (1937) that 
85 per cent. of the cavities which remain patent 
kill their hosts within three years. A pneumothora- 
which noes not close a cavity is therefore of very 
little value. Adhesion section often converts an 
incomplete lung collapse into a complete one and 
therefore obliterates persistent cavities. 
There i s no reason why sulphanilamide, for what 
it is worth, should not be combined with artificial 
pneumothorax or other forms of collapse therapy in 
treatment of pulmonary tuberculosis. 
An objection might be raised that, t.1aing the 
two methc_Ws of treatment in combination, it would be 
impossible to assess the true value of either. If, 
however, the lung had been collapsed for a consider- 
able period, it would be reasonable to assume that 
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sudden amelioration. in the condition of the patient, 
coinciding with acr st ration of sulphanilamide, 
were due either to the chemotherapeutic or psycholo- 
gical effect of the drug. 
Phrenic. Nerve Pa.relysis: 
Section or evulsion, crushing or injection of 
alcohol into the phrenic nerve will cause paralysis . 
of one half of the diaphragm, and consequently, 
those movements of the lungs vrhich are controlled by 
the diaphragm a.phrag  vrill cease. 
Opinion varies greatly on the value of this pro - 
cedure in pht'_hi si s. 
Morin (1;31) regs..rf'ed paralysis of tige phrenic 
nerve as preferable to artificial pneumothorax, be- 
cause there were fewer complications, it die not 
necessitate frequent visits the physician for re- 
fills and it often gave the lung sufficient rest to 
effect a. cure. Moreover a pneumothorax could aiw y 
be induced let -r if necessary. He treated 321 pa.ti nts 
with artificial pneumothorax and 174 with phrenic 
nerve paralysis with the following results, but many 
more of the pneumothorax cases than of the phrenic 
paralysis became sputum negative for tubercle bacilli. 
Artificiel Pneumothorax. Phreni c Par .ly sis. 
Better. 50 per cent. 5t3 per cent. 
Stationary. 7 n n 72 +t ,+ 
*orse. 19 (1 11 10 (1 11 
Sauerbruck (1930) advocatedphrenic evulsion 
before thoracoplasty but thought that in itself it 
Was practically valueless. 
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Edwards and Stevens (1938) considered the 
popularity of phrenic evulsion at any given time was 
inversely proportional to the success of major sur- 
gery. They give a detailed analysis of 1000 phren- 
icectomy operations. They suggested that the paraly 
sed dome of diaphragm far from impairing the effic- 
iency of the cough a ctually enhanced it by offering 
less resistance to contraction of the abdominal 
muscles. As to the lung, they found that dense pleu 
ral adhesions tended to limit the collapse to the les 
affected area; also the greater the extent of disease 
the less was the likelihood of achieving universal re- 
laxation. 
Durran and Sierra (1938) recording their re- 
sults in 143 cases, found phrenic nerve operations on 
the right more successful than on the left. This 
might be due to presence of the liver on that side. 
1s regards complications, Harper (1938). reviewing 
173 cases of phrenicectomy found clinically signifi- 
cant gastric - intestinal symptoms in 25 to 50 percent. 
of cases after operation. There was a different syn- 
drome for the two sides. On the left it was charac- 
terized by decreased appetite, feeling of fulness,and 
often nausea and vomiting, while the stomach was per - 
pendicular, and pylorus acutely angled on radiologo- 
cal examination; on the right, pain in the right 
upper quadrant and symptoms of gall- bladder disease 
predo ,iinated, while the stomach assumed a transverse 
Position with fundus narrow and devoid of gas. 
Harper thought that temporary interruption of the 
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phrenic was therefore preferable to permanent. 
Phrenicectomy may. be combined with or prelim- 
inary toe ither artificial pneumothorax or thoraco- 
plasty, and also it may be used to relieve thoracic 
symptoms arising from adhesions, but the value of 
the operation is most uncertain. 
ThoracoplastL. 
Norr1sto v. Davies (1933) considered this opera- 
tion a serious one, which was usually advised to pro- 
long a patient's life when other methods had failed. 
Some were cured, others received no benefit and others 
were made worse by the operation even in carefully 
selected cases. He wrote, "For those who win the gain 
is enorlous, whilst those who lose have gambled a year 
or two of an invalid's life against health and freedom." 
He gave the following indications for thoraco- 
plasty:- 
(1) Every case of chronic unilateral tuberculosis in 
patients up to the age of forty -five which cannot be 
arrested by simpler means. The term unilateral does 
not exclude some fibrosis in the contraleteral lung, 
but does exclude active processes. 
(2) Every unilateral case with single or multiple 
cavities with rigid walls. 
(3) Cases with haemoptysis which cannot be controlled 
When the haemoptysis is a danger to the patient's life 
some latitude is permissible in respect of disease in 
other lung. Such disease must not however be 
progressive and cavities are a contra- indication. 
) In exceptional cases, thoracoplasty is cone when 
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the disease is exudative in character. 
To this list one .might add certain cases of 
tuberculous. empyae.ma with thickened pleura when the 
pleural cavity will not close. 
Thoracoplasty entails excision of lengths of 
bone froiíi the posterior parts of the ribs as far back 
and sometimes including, the transverse processes of 
the vertebrae. The number of ribs and amount of 
each removed varies according to the extent and char- 
acter oft he disease: it comprises from four to ten 
ribs and always should include part of the first and 
second. 
surgical opinion is more and more becoming in 
favour of a partial as opposed to a full thoraco- 
plasty. Mason (1937) remarks that the principal re- 
quirement of a fibrotic lesion is facility for its 
scar tissue to retract, but an exudative lesion re- 
quires above all things r.e4t, at any rate until 
fibrosis develops. 
At present, thoracoplasty is the best method 
of treatment known for certain stages of the disease, 
but the physician should aim to prevent the patient 
from reaching that stage in which such serious surgi- 
cal procedures become necessary. In these stages, 
as has been pointed out, sulphanilamide is unlikely 
to be of value. 
Extra- pleural Pneumothorax. 
This,comparatively recent addition to 
operative treatment of pulmonary tuberculosis, is 
rapidly becoming popular. It is used when artificial 
as, 
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pneumothorax fails and when the age or condition of 
the patient contra -indicates thoracoplasty. 
The operation consists in stripping the parie- 
tal pleura from the deep surface of the chest wall 
and mediastinum to allow collapse of the underlying 
lun:. result is to leave a large raw space 
into which air can be introduced under pressure to 
maintain collapse. 
First employed by Tuffier in 1891, when he 
used neutral fat instead of air for maintaining col - 
lapse, it underwent a variety of development and 
modification until Nissen (1937) finally popularized 
the operation in its present form. 
'chmidt (1936) has given personal reports on 
200 cases of extra -pleural pheumothorax. At the 
end of one year 63 per cent. of his patients had to 
be given oil, air being unsatisfactory, to maintain 
the collapse. 
At the Laennec Hospital in Paris, Maurer and 
de äavitsch (1938) reported good results in about 
two - thirds of a series of 78 cases with extra -pleural) 
pneumothorax. They considered that the operation 
could in no way be considered safe or beneficial 
when the lesion was of a type which could not be 
treated by intra- pleuralpneumothorax. They thought 
it very promising for children in whom thoracoplasty 
caused profound changes in the growing skeleton; also 
in pregnant ,women, as rapid collapse of developing 
lesions, in absence of much trauma, often achieved 
1 
satisfactory clinical results without interrupting 
Pregnancy. 
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The operation has been performed on both sides, 
and can be combined with an intra- pleural pneumotiora 
on the same or contralateral side. In the latter 
instance it may provépreferable to a bi- lateral in- 
tra =pleural pneumothorax. 
Gold Treatment. 
Preparations of gold have been used for many 
years in the treatment of pulmonary tuberculosis,and 
sanocrysin is the form that has been most commonly 
emplóyed. Sanocrysin is the dóuble thiosulphate of 
gold. and sodium, which was prepared by Moëllgaard and 
was believed to destroy tuber0Iebacilli in vivo. This 
is almost certainly untrue. Although weak solutions 
of gold salts will inhibit the growth of tubercle 
bacilli in culture, very few still believe that gold 
has a bactericidal effect on bacilli within the body. 
If it has a beneficial effect, its mode of action is 
not clean. There is much doubt about its efficacy 
but none about its dangers. 
One of the pioneers of gold -treatment, Becher o 
Copenhagen (1938), after using gold for 15 years con- 
cluded that the reactions provoked by sanocrysin therapy 
were due to liberation of toxins from tuberculous or 
rheumatic lesions. He thought they might be prevented 
b giving large doses of vitamins A, B and C before 
and during treatment. 
The view of the majority is that the symptoms 
are due to metal poisoning,, and they are usually de- 
scribed' as gold intoxication. . 
I would venture to suggest that both views 
are 
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correct up to a point. I have witnessed a severe 
pyrexial reaction accompanied by the appearance of 
moderate albuminuria following the first injection of 
gold - Crisalbine O'Ol gm. The reaction was anala- 
gous to that produced by a large injection of tuber- 
culin. The disturbance lasted 3 -4 days. Surely suca 
reaction was not due to poisoning by so small a dose 
of gold s 
On the other hand, admittedly, there are 
toxic manifestations undoubtedly due to gold- intoxi- 
cation - and which cannot be imitated by injecting 
tuberculin. These appears rather later, after a 
gold -depot has formed in the body, and they may not 
coincide with an injection. They are more persistent 
and dangerous. They include certain skin conditions 
(exfoliative dermatitis etc.), effects on the bone- 
marrow (aplastic anaemia, agranulocytosis or throm- 
bocytopenic purpura), on the liver (hepatitis and 
jaundice), on the nervous system (peripheral neuritis, 
epileptiform attacks etc.), and on the digestive 
tracts (stomatitis and diarrhoea). Probably marked 
albuminuria, particularly if persistent and if assoc- 
iated with, the presence of casts or red blood cells 
in the urine, is also due to gold. The others, py- 
rexia, mild albuminuria, anorexia, possibly diarrhoea 
increase in cough and sputum etc. are, I suggest, 
manifestations of tuberculous toxaemia. 
The frequency of symptoms of toxicity is very 
variable. I analysed the records of 88 patients at 
the Royal Victoria Hospitaq,Edinburgh, who had been 
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given gold -treatment during the year 1937, 1938 and 
the first six months of 1939. 
The preparations of gold that were used for 
these cases were sanocrysin and crisalbine - chiefly 
the latter. The dosage employed was usually as fol- 
lows:- initial dose 0.01 gm.; then 0.02 gm. and 
weekly increases of the same quantity up to 0.1 gm; there - 
after increases each week of 0.1 gm. up to a total 
of 0.7 gm. The following results were recorded: - 
Results of Treatment with Gold Males Females Total 
Patients treated with gold: 41 47 co 
Completed full course: 20 8 28 
Discontinued owing to toxicity: 16 34 50 
Developed albuminuria: 4 20 24 
Some cases were discharged before completing 
their course and the gold w as discontinued in others 
as being useless.. The total percentage of toxic re- 
actions was nearly 57) and as can be seen the predom- 
inating sign of toxicity in the women was albuminuri 
Apart from the high incidence of toxic effects, 
the opinion of gold -treatment at the Royal Victoria: 
Hospital is summarized in this statement - "That gold 
appears to do good in just those cases which would do 
well without it." Its use has been discontinued at 
the hospital. 
While gold has been abandoned for tuberculosis 
also in many other parts of the world, there remain 
those who still have faith in it. One of these is 
Zenehdez (1G38) who gives the following results of 
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of gold in 150 hospital patients: - 
Clinical and radiological cure - - 17% 
Clinical cure and radiological improvement 34% 
Unimproved - - - - 13% 
Worse or died 
He believes gold should be applied in cases wit 
bilateral pulmonary lesions when the exudative char- 
acter is not predominant, and in cases with fine broncho- 
genic or haematogenous nodes of recent origin, provid- 
ed no extrapumonary lesion is present. An exception 
is made in cases of laryngeal tuberculosis and in 
those with small well -delineated cavities where the 
remaining parenchyma is not involved. He considered 
it of no value in confluent haematogenous lesions with 
extra- pulmonary involvement, in broncho- pneumonic in- 
filtrations, in large pneumonic lesions with cavities 
and in cases of large thick -walled cavities. 
:ith courses of 8 -9 gm. he records complication 
in 45 per cent. of the cases. 
It has been suggested that gold acts as a cata- 
lyst and that equally good results may therefore be ob- 
tained with small as with large doses. Some of those, 
therefore, who still believe in the value of gold,are 
now employing very much smaller doses than previously. 
Regarding the uew of sulphanilamide and gold to- 
gether, a. matter which is discussed elsewhere in this 
thesis, it must be admitted that theoretically it is 
unsound as both are apt to cause agranulocytosis. 
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Tuberculin. 
After nearly fifty years the believers in 
tuberculin, one time a supposed cure for tuberculo- 
sis, have not succeeded in convincing the woild that 
tuberculin has any real value in treatment. 
In] favour of tuberculin are claims that some 
patients who have failed to improve under sanatorium 
or other treatment do improve with tuberculin; also 
that patients with incipent pulmonary tuberculosis 
treated with tuberculin fail ;to develop the disease, 
ana that strong hypersensitiveness is corrected so 
that after treatment the patients fail to react even 
to large doses of tuberculin. 
On the other hand the great majority of inves- 
tigators have not observed any genuine benefit from 
tuberculin.. some patients certainly appear to improv 
it, but others do not; and the tuberculin -ther- 
apy may well coincide with a period of remission in 
those who seem to improve, since pulmonary tuberculoi 
is a disease that ebbs and flows. Moreover patients, 
who are hypersensitive to tuberculin do not necessari 
develop clinical pulmonary tuberculosis, and the in- 
cipient type of case is just the type that does well 
under any treatment. 
Administration of tuberculin is equivalent to 
a natural auto -intoxication, similar to that which 
can be produced by exercise in the tuberculous. 
Consequently tuberculin is unnecessary when slight 
auto -intoxication is already taking place and is harm- 




To summarize:- There is no definite proof of 
benefit from tuberculin in ap:y form of the disease: 
considerable risk is attached to its use: although 
still used in France and Germany, it has been abandonL 
ed in the United states and most other parts of the 
or.ld. 
Shock There . 
The reaction or shock which follows an injec- 
tion of a quantity- of tuberculin is an-allergic or 
specific reaction, because it is not obtained in 
those who are non -sensitive to tuberculin. The shock 
is however very like that produced by copper or other 
substances, and closely similar to anaphylaxis. 
Patients with pulmonary tuberculosis have 
sometimes' made sudden and unexpected improvement fol- 
lowing shocks - e.g. rupture of a lung, pleural shock 
over - exposure to sunlight. On this basis, attempts 
have been made to produce the same results by large 
injections of serum, sanocrysin etc. 
Burrell (1937) thought it was a method to be 
used with the greatest caution. He considered the 
most striking cases of improvement occurred in young 
patients of fourteen to eighteen years of.age with 
acute pulmonary tuberculosis. 
Owing, no doubt, to its extreme danger it is a 
.-'cthod but little' used. 
Calcium 
Prest (1922) described a series of cases of tuber 
culosis treated with collosol calcium. He gave 
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0.5 c.cm. hypodermically at intervals of a week or 
longer. In a few cases there was some reaction,but no 
serious complications arose. In many patients he not- 
ed distinct improvement, such symptoms of activity as 
night sweats disappearing readily under the treatment. 
Calcification plays an important role in the 
cure of tuberculous lesions and though some may deny 
it, there is usually a calcium deficiency in the blood 
of tuberculous patients. In addition, workers in lime 
are notoriously free from tuberculosis. 
Yet, administration of calcium to patients usu- 
ally.produces poor results. Indeed, I have been most 
impressed with the apparent futility of the measure. 
I have seen a patient receive 10 c,cm. Calcium Gl zcona e 
daily by injection for three months without manifeISting 
any benef it. In numerous case records at the Royal 
Victoria Hospital, dating back several years, it was 
most exceptional to find even the least evidence of 
improvement after a prolonged course of calcium. 
Calcium is claimed by some to give great relief 
in intestinal tuberculosis and by others to be a useful 
haemostatic for arrest of haemoptysis. Most authori- 
ities are however very sceptical about, or d eny, both 
(claims. 
Calcium and Sulphanilamide are not incompatible and 
might be given together. 
Cod -liver -oil and Vitamine. 
Cod -liver -oil is widely used in Tuberculosis. 
It can be obtained in tasteless form. Rich in vitamins 
and D., it is very nutritious and especially useful in 
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chronic cases who are under -weight. It is quite un- 
necessary to use it as a routine; moreover it has be n 
found at Midhurst Sanatorium that patients who are 
taking cod -liver -oil regularly do no better than those 
who are not, although in special cases its value is 
admitted. 
For the dispensary patient, lacking in means, 
it may be of particular help in improving nutrition, 
especially in winter. There is no reason why sulphan- 
ilamide should not be given coincidently with cod -live -oil, 
just as with calcium, but its exhibition would appear 
to be pointless with both tuberculin and shock- thera- 
py because it does not cause but counteracts systemic 
upsets. It might therefore prevent occurrence ae 
the desired effects. 
TREATMENT of SPECIFIC SYY TOMS . 
The orthodox method of dealing with symptoms is 
somewhat as follows :- 
Cough. In many cases the cough is due largely to habi 
and patients can easily be trained not to cough. If 
s.ed to count the number of coughs or paroxysms which 
they have each day, they will make a conscious effort 
to r educe this number. 'iith each reduction they feel 
they are improving and will determine to improve still 
further, thereby deriving considerable benefit. 
Paroxysms of cough, which are due to difficulty 
in bringing up sputum are especially liable to occur 
in the morning. They are usually relieved by a warm 
ali,aline drink on waking. 
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A certain amount ' of coughing is often benefic- 
ial, especially in cases of pulmonary cavitation, in 
order to free the air -passages from secretions which 
are frequently toxic. Patients with cavitation 
may discover positions in bed in which the secretion 
from their cavities drains most easily into their bronchial 
tubes. By adopting such an attitude they are able at 
certain times during the day to empty their cavities by 
coughing. 
In the case of continuous cough which is unpro- 
ductive and which interrupts sleep,a sedative has to be 
prescribed. Codein is the drug of choic,since it has a 
depressant action on the cough centre while having but 
few of the undesirable effects of the other alkaloids 
of opium. It may be given as syrup codein phosphate in 
doses of 1 to 12 drachms. If something stronger is re- 
qúired heroin will often give relief. It is given in 
the form of a linctus. 
A cough is often caused by smoking,but in this 
case ::.any patients prefer the cough to being deprived of 
tobacco. 
Troublesome and very resistant is the emetic 
cough -- paroxysms ..of cough terminating in vomiting. 
Patients with this symptom require to rest in bed im- 
meüiately after meals and should be forbidden either to 
talk or to smoke at such times. Meals are best if small 
and frequent,and a sedative cough mixture should be given 
before each meal. 
Sulphanilamide possesses no expectorant propert 
nor has it any known sedative effect upon the 
cough centre. Only by diminishing the sputum 
will it indirectly improve a cough. 
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Being liable to cause vomiting it :night be wide to re- 
frain from giving the drug to patients with an emetic 
cough. 
Haematysis: It has been said that the correct 
treatment for haemoptysis occurring ,in a patient f s home 
is to reassure the patient and give morphia to all his 
relatives. The patient is much alarmed and his alarm 
is increased by the even greater anxiety of those 
around him. It is a popular but erroneous belief that 
coughing up blood forebodes a fatal issue. 
Treatment, therefore, is directed. first to keep- 
ing the patient quiet, reassuring him and silencing or 
removing others in the room. 
Provided it is not accompanied by othér signs o' 
increased activity of disease, slight streaking of the 
sputum need not affect the general course of treatment 
in any way. Even with moderate bleeding, rest in bed 
is all that is required. 
Profuse haemoptysis is an indication for complete 
rest and careful nursing; and to control undue cough, 
restlessness and apprehension an injection of morphia 
may be given. 
Many claims are made for the use of haemostatic 
drugs - emetin, calcium, pituitrin, adrenalin, congo- 
red, amyl nitrite, coagulen, haemoplastin - to meñtioir _ 
but some - though most authorities consider them worth 
less in the treatment of haemoptysis. 
Measures which are of acknowledged value are 
artificial pneumothorax and transfusion with blood or 
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saline. Induction of an artificial pneumothorax is, 
of course, not always possible, and in addition there 
must be no doubt as to which lung is the source of 
the bleeding. When, however, the collapse is satis- 
factory bleeding is often dramatically arrested. 
Transfusion is indicated when the life of the 
patient ia in danger owing to shock or anaemia follow 
ing one severe or several repeated haemoptyses. Eac 
case must be treated on its merits. 
Sulphanilamide does not affect the coagulabil- 
ity of the blood and can be of no assistance in arres 
ing the bleeding. Indeed there are several reasons 
why it would be wise to withhold the drug in a case o 
haemoptysis. 
Firstly, should it provoke vomiting, it might 
interfere with clot- formation and retraction and 
cause new bleeding. Secondly it might interfere with 
Llood regeneration following the haemorrhage since 
haemolytic anaemia, lemcopenia and agranulocytosis 
may follow its use. Thirdly in severely anaemic 
patients cyanosis is not evident and sulphaemoglobin- 
a.eihia. rr ghtt; exist,. in absence of cyanosis, endangeri 
life by further reducing the already deficient oxygen 
carrying power of the blood. 
Fever, Thé best treatment for fever is rest. If res 
in bed is insufficient the pyrexia may be due to 
spread of the active lesion or to some complication. 
Either induction of an artificial pneumpthorax or 
strapping of the chest wall may be required to increa e 
the degree of rest in the affected lung. 
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It is easy to reduce the temperature by anti- 
pyretic drugs, but to do so is useless except for the 
mental effect on the patient who worries about his 
temperature. cryogeniri grs.. V. or grs. X. after 
lunch will usually reduce the evening temperature, 
which, however, rises again as soon as the drug is 
stopped if the activity continues. 
If the patient is uncomfortable on account of 
high fever he may derive considerable relief from 
tepid sponging in bed. 
sweating. ,.-weating at night usually disappears after 
the patient has had a few days in bed. It is uncom- 
mon to find night -sweats persisting long after admis- 
sion to a Sanatorium. They cease usually within a 
few days. 
Excessive clothing, or bed -clothes, ill- venti- 
lated rooms or heavy meals at night: these are con- 
tributory factors. But for the most part sweating 
is a sign of persistent activity of disease. Fresh 
air is by far the best remedy, though a glass of 
milk and a biscuit before going to sleep, and repeate 
if the patient wakes during the night, will often pre 
vent sweating. The much vaunted pills containing 
belladonna and zinc oxide are probably worthless. 
Gastrc- Intestinal Symptoms. 
Poor appetite and dyspeptic symptoms are com- 
mon in tuberculosis. They may result from over - 
f eedin and always necessitate a review of the 
patient' diet. On the other hand they may be due to 
the general toxaemia, to irritation from swallowed 
d 
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sputum or possibly to a deficiency of hydrochloric 
acid in the gastric juice. 
Rest and fresh air and avoidance of over -feed- 
ing are the most effective lines of treat.Lent. A 
simple bitter mixture before meals may be useful or, 
if achlorhydria is present, one or two drachms of dii 
ute hydrochloric acid taken in water at mealtimes may 
assist in relieving symptoms. 
ulphanilamide, bÿ lessening tuberculous tox- 
aemia, might well check persistent fever, banish nigh 
sweats and improve the appetite. But since it some - 
times causes nausea, vomiting and epigastric pain, it 
must be used with c aution if at all during gastroin- 
testinal upsets for fear of aggravating the symptoms. 
Diarrhoea. 
Diarrhoea may be due to toxaemia without any 
ulceration of the intestine, orthere may be actual ul- 
ceration in which case probably blood or pus cells wil 
be found in the stools. 
If the patient is kept warm and given an initia 
dose of castor oil the diarrhoea may cease. If it 
persists the diet should be attended to, and, in par- 
ticular, milk should be restricted. A low- residue 
high vitamin diet is usually given. 
Ultra- violet radiation of the abdomen, intra- 
peritoneal injection of oxygen, and massive doses of 
cod -liver -oil and tomatoes have all been advocated in 
America as specific for tuberculous enteritis: so 
also have intravenous injections of calcium chloride. 
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;such measures may be useful palliatives, but few 
have any real faith in them. 
Pain. Severe pain in the chest in the course of 
pulmonary tuberculosis is usually due tO pleurisy. 
Occasionally it is due to a spontaneous pneumothorax. 
Also Dunlop arid Dick (1939) state that fracture of 
a rib, resulting from stress of coughing, is not un 
common in emaciated patients and may be missed. How- 
ever, as they point out, the treatment of this complic 
tion is the same as for pleurisy. Overlapping pieces 
of broad strapping are - pirthiy applied to the affected 
side at the moment when the patient's chest is fully 
collapsed in expiration. This causes limited expul- 
sion on the affected side. If insufficient to relieve 
all pain,pyranidon grs. v -x or veramon grs. vi can be 
given in addition. Morphia is rarely necessary if th 
strapping has been correctly applied. 
THEORETICAL GROUNDS FOR USE OF SULPHANILAMIDE. 
Sulphanilamide is a drug of high value in 
treatment of many conditions. Experimentally it has 
appeared to influence the cause of tuberculosis in the 
guinea -pig, an animal notoriously susceptible to the 
effects of the disease. The influence was apparently 
dependent upon an adequate dosage being administered for 
a sufficiently prolonged period. 
Humans are naturally resistant to tuberculosis, 
the guinea pig is not; most persons are infected by 
tuberculosis without showing any symptoms of disease 
Put the guinea pig invariably succumbs no matter how 
(small the infecting dose. 
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sulphanilamide retards the process of caseation and 
destruction and mitigates tuberculous toxaemia in 
the guinea pig, without admittedly arresting the 
disease. Sulphanilamide had not hitherto been trie 
in human beings except possibly in a few individual 
and unpublished cases. Is present .day treatment of 
pulmonary tuberculosis So entirely satisfactory that 
a form of supplementary treatment which might prove 
beneficial is not worthy of a trial ? Surely the 
still high mortality rate from tuberculosis alone 
justifies such a trial ? 
From the foregoing discussion of treatment of 
tuberculosis certain facts :stand out. After rest 
and sanatorium régime,the most valuable individual 
measure is the artificial pneumothorax. It can be 
used in unilateral exudative disease if not too acut 
used to close up cavities or to arrest haemoptyses. 
It is of much more doubtful value in bilateral disea 
and useless if there is much activity on both sides. 
Often atte.:.pted induction proves unsuccessful. There 
are 1..:any cases unsuited to this form of therapy. 
What treatment is there for extensive bilater 
disease of an exudative nature ? Failing a combina- 
tion of an artificial pneumothorax on one side with 
phrenicectomy or extra- pleural pneumothorax on the 
other, there is only rest and possibly gold. Gold i 
of undoubtful value and apt to produce symptoms of 
intoxication - more particularly in widespread exuda- 
tive disease. 
I have noticed that one can foretell =jvith very 
e 
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considerable degree of accuracy which patients will 
exhibit signs of gold intolerance. If moist v_ge;s 
be at all abundant on examination of the chest the 
patient will not tolerate a, full course of gold. Re- 
ference to the gr.aphic charting of physical signs in 
patients at the Royal Victoria Hospital who had re- 
ceived gold during the last five years fully proved 
my belief. Patients with widespread bilateral dis- 
ease of an exudative nature caul( not and can not 
benefit from gold. All will show signs of intoler- 
ance.' 
Here then in bilateral exudative tuberculosis is 
one form of disease in which sulphanilamide might be 
tried. It is a form not entirely unlike that seen 
in the guinea. pig - a form in which caseation is ex- 
tensive and the disease is actively spreading. 
Fibroid tubercle can be treated in mane ways: it 
tends, in any case, to spontaneous cure. Even tuber- 
culin or ultra- violett light may be given to persons 
suffering with this form of tuberculosis. It is 
relatively benign and on pathological grounds - the 
avascularity of the abundant fibrous tissue - one 
would anticipate no benefit from chemotherapy in gen- 
eral or sulphanilamide in particular. 
Cavities require to be closed, and if large. ob- 
viously nothing but sonie form of collapse therapy can 
be successful in effecting the closure. Sulphanila- 
mide could only act by preventing spread of disease 
round and extension of the cavity, and conceivably 
by sterilizing the contents of the cavity. 
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Miliary tuberculosis, resistant usually to all 
therapy, should theoretically respond to sulphanila- 
mide, if the drug were bactericidal for the tubercle 
bacillus. I have only tried the drug twice in this 
form of disease - each time entirely without effect. 
It seemed. that the disease had, in each case, got 
too far advanced - too great a start over the drug - 
to expect any benefit. Even in the guinea -pig the 
7Jrogress of disease was not arrested but merely re- 
tarded. 
Fibrocaseous tuberculosis is the form which usu- 
ally responds well to rest, sanatorium regime and some 
form of collapse therapy. But there are resistant 
cases, those in which rest does not check the spread 
of disease and collapse therapy has failed or is 
counterindicated. Here again one might plead for the 
use of sulphanilamide. Even if no claim were made fo 
an anti- tuberculous action, sulphanilamide could. be 
exploited. if there was reason to presume secondary in- 
fection were present. The evidence of such would be 
based. chiefly on the degree of pyrexia and tachycardia 
but also possibly on demonstration of many streptococc 
and organisms other than the tubercle bacillus in the 
sputum. 
The greater the systemic upset the more likely 
is it that secondary infection is at work. The more 
the degree of toxaemia, the fewer- are the possible fo 
of treatment that can be employed. Tuberculin, 
light, gold and even possibly collapse therapy become 
dangerous or absolutely contraindicated.. Bút sul- 
phanilamide acts best in those cases of streptococcal , 
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and other infections which are most acutely ill and. 
show the greatest toxaemia. Surely sulphanilamide 
might be of use in the hopeless or most acutely 
active cases of tube.r.culosis 
Dosage. 
The dosage of sulphanilamide to be used will 
depend on the object in view. If it be to clear up 
secondary infection or relieve signs of acute tuber- 
culous toxaemia a short course of the drug in its 
maximum dosage, i.e. 1 gm,. daily for every 20 pounds 
bodyweight (Long and Bliss), would be the wisest 
method to adopt. Such a course could only be con- 
tinued safely for a few days. 
If the object were to attempt to check prolifer- 
ation of tubercle bacilli in the absence of very 
severe toxic signs it would be wiser to employ a 
medium dosage over a prolonged period. Dangerous 
complications would thus be less likely to Prise, 
and there would be a continued presence in the bloo 
of sulphanilamide to exert an inhibitory action on 
the tubercle bacillus. 
The latter was the course adopted in the work 
about to be described. Rubiazol was used in place 
of sulphanilamide because weight for weight it was 
two and a half times as effective as the latter 
1939), even in big doses it was almost 
entirely non -toxic, and the more slowly excreted azo- 
compounds (prontosil rubrum and rubiazol), as has 
been mentioned, probably exerted a more prolonged 
effect than sti hat i.lami e. 
122. 
EXPERIMEETAL WORK. 
The average case of pulmonary tuberculosis under 
going sanatorium treatment is so apt to become apyrex- 
ial, to gain weight, and to improve by all the usual 
criteria, that such a case would be unsuitable for 
proving a new remedy. Hence I selected my cases 
mainly from two groups, (a) acute or bronchopneujrLon- 
is cases with marked pyrexia, unlikely to improve 
on any known fort: of treatment, and. (b) "bad chron- 
icsTt, - i,e. cases with fairly extensive disease 
which after a reasonable period of observation were 
found to be making little progress or slowly retro 
greasing. Eighteen cases in all were treated,three 
being acute and thirteen "bad chronicsT, while a 
further two pleurisies with effusion were included 
for interest. 
Treatment with rubiazol was carried out over 
periods varying individually from two to six weeks. 
The manufacturers, Messrs Roussel, recoimrended 
6 to 12 tablets daily, (each tablet containing 0.2 
gm.), according to the acuteness of the illness. It 
seemed unwise to risk administering the maximum recom- 
mended. dosage for any considerable time, and each 
patient was given an initial daily dosage of b tablets 
(2 tablets three times daily), but where this produced 
no benefit it was usually increased to 9 tablets da_ilÿ. 
Certain of the selected cases had been treated previous- 
ly, without success, by gold or collapse therapy,but 
in some cases rubiazol was actually combined with 
these forms of treatment. No. alteration was made in 
diet and treatment in general was carried on exactly 
as it had been done before the rubiazol was given. 
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Special care was taken to avoid exciting the 
interest of patients in the rubiazol. It is, of 
course, well- krloc. a that tuberculous patients are high- 
ly susce tible to suggestion, and there is no drug so 
powerful as hope. Injections of sterile water, a 
change of scene, e new doctor or a new medicine may 
produce startling improvement. But oral therapy, 
as was employed., is much less impressive tàan paren- 
teral; and further, by deliberate avoidance of sug- 
gesting that even the slightest improvement might fol- 
low taking the drug, I attempted to minimize any psy- 
chological influence. 
It was my intention to follow up the course of 
illness for at least six months after the rubiazol, 
but in many instances this proved to be i,ipossible. 
Tar broke out, patients were evacuated from hospital 
and their mode of living became suddenly altered. 
Many did not trouble to report back at the hospital 
and others celebrated their unexpected freedom from 
sanatorium régime by excesses of all kinds. 
In analysing the results I have excluded appetite 
and cough as indications of tmprovement, it being 
clear that these subjective symptoms are too vague and 
too susceptible to the suggestion of benefit from a 
new and special. treatment. Also, with the exception 
of the sedimentation rate, which is often in direct 
ratio to the degree of toxaemia, I have avoided pro - 
ducing blood changes as evidence of iliprovement. 
Sulphanilamide affects the blood picture in 
varying ways which have already been mentioned; and 
since such alterations may occur as often in healthy 
24. 
es in diseased persons, e diminished leucocyte count 
in tuberculosis is not necessarily any evidence of 
improvement if sulphanilamide is being administered. 
Nevertheless, in the present experiment, leuco- 
cyte counts and differential white cell counts were 
performed each week on every patient, at the same time 
as the blood sedimentation rate and haemoglobin were 
determined. This was done for reasons of safety - td 
guard against agrsnulocytosis or severe degrees of 
l eucop emi a. 
I have read no literature concerning the influ- 
ence of sulphen_ilanice on the sedimentation rate, but 
in a snail series of norr a1 persons de Caires (person- 
al communication) concluded that there was a slight 
increase in the rate following administration of4M & 
B 69 One might conclude therefore that a decrease 
in sedimentation rate, after a course of rubiazol, 
would probably be due to the influence of that drug on 
the pathological processes st work. 
Some cases are described in rather greater detaiiJ 
than others. These are placed first. They are, if 
anything, the more instructive of those under review. 
Temperature charts are included for the first 
three patients, these r, eing the only three who had pe 
sistent and obstinate pyrexia at the time rubiazol wa 
started. In other cases ri se6 of temperature were mer 
ly transitory or tending . to settle spontaneously. 
Tables are included for ..-cost patients to show at 
a glance the effect of the rubiazol. Effects on the 
sputum,, weight, pulse -rate ar_cd sedimentation rate are 
usually included in the tables. The figures for the 
125. 
sputum indicate the total au.ntity of sputum expectora 
ter' curing the week in question, and those for the 
pulse -rate repre -ent the average evening pulse- rate - 
obt ained by adding all the evening pulse records for 
the week and dividing by seven. Lally fluctuations 
thus disappear and it is easier to see the general 
course of the ei sea.se. 
Some of the patients were considered too ill to 
leave their beds for the purpose of being weighed, 
and consequently no figures coule be given for these 
patients. 
In regard to the sedimentation rate, the rou- 
tine was to recors' the h.el.ghtof sedimentation after 
a period of two hours. At first this was the only 
figure used, but latterly I found it more informative 
to record the figures obtained after one, two and 
three hours. 
At the conclusion of the case descriptions, I 
have discussed the findings .,ndivi dually and as a 
whole, and decided whether or not sulphanilamide 
should be given to persons suffering from pulmonary. 
tuberculosis. 
126. 
Description of Cases: 
Cane 1._ J.M.C. male, age 19, a student. The 
patient was a well -built youth, 5 feet 10.inches tall 
and weighing eleven stones a month before corning to 
hospital. 
He was shortly to have left school and started 
training as a gymnastic instructor when he first began 
to look unwell. He had been taking a lot of exer- 
cise, playing - hockey or rugby football every day,quitL 
apart from studying for an examination, and to begin 
with it was thought that he had merely been over -ex- 
erting himself. But his mother had lost a sister,wh 
died of tuberculósis some years previously, and fear 
that history would repeat itself made her anxious 
when the boy perceptibly cyanosed. 
Jhe made him rest more. He gave up rugby, 
stayed at home and went to bed early, but could not 
stay awake when he tried to read in bed. 
He developed a hacking cough and began to swea 
a lot especially at night. He failed in his examin- 
ation. 
A week later, on the 26th .larch 1939, he was 
again playing rugby and, running "flat out" from one 
end of the field to the other, he scored a try. The 
game was played in pouring rain. He went home at th 
finish, feeling none the worse, but by evening he be- 
gan to shiver and ache all over his body. His docto 
diagnosed bronchitis and ordered him to bed. 
After a week his temperature was normal,but 
127. 
next day he again became febrile and when, in addi- 
tion to a swinging teperature, he was found to have 
an enlarged gland in the left groin a specialist was 
called in for consultation. The presence of pulmon- 
ary tuberculosis was suspected and it was corfir.aed 
by x -ray examination. 
The radiologist, who found extensive bilateral 
disease, held that the patient would be dead within a 
month. 
He was admitted to the Royal Victoria_1_ Hospi- 
tal on the 27th April 1939. By then he only weighed 
ten stones having lost a full stone in four weeks .. H 
had a cough but no sputum, nor did he have any pain 
or feel breathless. He had never previously had 
pleurisy or any other illness of note. 
Examination showed pallor, cyanosis of the lips, 
cheeks and nail -beds, bright but sunken eyes, a toxic 
yellowish discoloration ofhis palate, a tired expresl 
Sion and very atonic muscles with _..myothatic irritability. 
Over the upper half of the chest, both back an 
front, the percussion note was impaired, breath -sounds 
were bronchial, vocal r esonance was much increased 
and there were abundant adventitia. The accompaniments 
were audible on both sides over almost the entire 
aUni7 field : they were predominantly subcrepi 
tant moist râles, but between the spine and the ver- 
tebral margin of the left scapula they were coarse 
and consonating. 
128. 
Radiological examination (plate V. showed 
Plate V. J.M.C. aged 19, showing numerous soft ill - 
defined shadows indicative of bilateral ex- 
ati iéotuberculosis. 
extensive bilateral diseaseof an exudative type with 
very little evidence of fibrosis. 
Sputum contained numerous tubercle bacilli and 
the blood sedimentation rate was 84 after two hours. 
but 
He was confined strictly to bed, /after a month 
in the sanatorium; his temperature remained elevated, 
sedimentation rate had risen to 85, and sputum was 
much more copious and laden with bacilli. 
After two months in the sanatorium pyrexia still 
showed no ign of abating and the sedimentation rate 
had risen further to 88 after two hours. The patient 
was perceptibly thinner and it was obvious that he wa 
'going steadily downhill. rTight- sweats had become wors 
his cough was very troublesome and spasms of coughing 
129. 
were often followed by vomiting, and there was prac- 
tically no alteration in the physical signs. Moist 
râles were still abundant though the sputum was not 
quite so profuse. 
Since rest alone and symptomatic treatment 
were not checking the disease I thought he was a 
suitable subject for the experiment with rubiazol. 
I gave him six tablets daily for the first 
fortnight and nine tablets daily for a further three 
weeks. 















































































































































































































































































































































































































































































































































































































Several interesting things har;pened. The 
total sputum dropped to approximately half the previo 
quantity after two weeks on rubiazol, but rose again 
a fortnight later. Even before rubiazol was started, 
during the seventh week in the sanatorium, the quan- 
tity of sputum had suddenly fallen to a low figure 
for a few days, and one must, therefore conclude that 
the second decrease during the twelfth and thirteentr 
weeks was probably a coincidence. 
The same cannot be said rof the sedimentation 
rate which, having risen slowly from 85 o) 88 after 
two months dropped when rubiazol was started, in one 
week to 78, in two weeks to 68,and thereafter fell 
each week except one until it was 56. 
The fall was continued after cessation of the 
rubiazol, so it was not explained on the grounds 
either of a transient interference with the normal 
mechanism governing sedimentation or a temporary neu- 
tralisation of tuberculous toxaemia. 
The pulse -rate seemed to be slightly slower 
after the rubiazol was started, but the slowing was 
not progressive and was too slight to be conclusive. 
Similarly the temperature tended to subside 
so that it was often normal in the morningythough 
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See accompanying Temperature Charts. 
Tubercle bacilli were present on all and every 
occasion (each week) that I examined the sputum, and 
there was no significant alteration in the cellular or 
- saprophytic content. In particular streptococci re- 
mained present in moderate numbers in the films. 
There was a definite decrease in moist accom- 
paniments following rubiazol; indeed, in. many areas 
where Ales had previously abounded, they could be de- 
tected subsequently only after the stimulus of a cóugh. 
This irprovement, like that in the sedimentation rate, 
was maintained up to the time of discharge from hospital. 
The patient, was too ill to be weighed, but, 
though he ate well, I think there is little doubt that 
he continued to lose weight. 
On.the third day that he was given rmbiazol he 
132. 
developed a morbilliform rash on the face, body and 
limbs. The drug was not discontinued, despite sligh 
febrile accentuation, and within a further four days 
the rash had faded and completely disappeared. 
Night- sweats,which had been very troublesome 
during his first two months in hospital7were less 
severe, when he was having rubiazol, and at times ever 
absent for several days. However, three weeks after 
rubiazol had been started, the night -sister reported 
that she had detected what she termed "Tie death -smell" 
- that odour of sweat so c haracteristic of moribund 
patients. Subsequently it seemed that the prognosis 
might not be so extremely unfavourable. The continued 
fall in sedimentation rate gradual settling of temper- 
ature, less frequent night - sweats and dimunition in 
.Moist riles gave some grounds for hope, but when war 
was declared the patient chose to be moved from hos- 
pital to his home. 
He was to live in a shelter in the garden but 
it was never built. A steady deterioration took place 
and he died about sixteen weeks after leaving hospital. 
How far he behaved indiscreetly on reaching hole 
I co not know. He might have hastened the fatal iss 
such means. But certain facts stand out. His 
downward.. progress, though not arrested, was at least 
retarded while he was in the sanatorium and in parti- 
cular after he began the rubiazol. 
He died eight months after the date foretold by 
the radiologist, i.e. nine and not one month from the 
tide the diagnosis was established. Radiologically V 
132.A. 
there was little alteration in appearance of films 
taken when rubiazol was started and two months later 
when the patient left hospital; extension of the di 
eased areas was insignificant and there was even a 
suggestion of commencing fibrosis in the left upper 
lobe. The change was howvever too slight to warran 
inclusion of a plate in contrast to plate V. 
There was no change in the size or appearanc 
of the tuberculous gland in' the left groin. It re- 
J pined enlarged but did not break down and form an 
abscess. 
Finally, though streptococci as well as tuber- 
cle bacilli remained present in the sputum, it did 
not follow that the streptococci originated in the 
lung. They may have corne from the throat etc. Als 
they may have been of a type which was unaffected by 
sulphanilamide or rubiazol e.g. non -haemolytic strep 
tococci. 
Case 2. S.B. male, aged 19, a van -boy, who had been 
in good health until January 1938 when he sustained 
two blows which resulted in the appearance of a swell- 
ing in the scrotum. In spite of local treatment the 
swelling persisted. 
During October 1938 he began to feel listless, 
and tired. He was off work for a few days on several 
occasions. His doctor treated him. for what was 
termed tonsilitis. He became breathless on exertion? 
his appetite was poor, he sweated easily, and he seemed 
to have a continual cold. 
133. 
By Christmas 1938 he had become tsr in and lost a 
great deal of weight; but still much valuable time 
elapsed before it was thought that the swelling in the 
scrotum might be connected with the general condition 
cf the patient, and before x -ray examination establish 
ed the presence of extensive left -sided pulmonary 
tuberculosis.( Plate VII.) 
Plate VII. 
Plate VII: S.B. aged 19, showing ill- defined patches 
of tuberculosis involving the upper half 
of the left lung field. 
He had had pleurisy five years bef ore,but that 
was/the opposite side of the chest. Otherwise there 
was nothing in his own or his family history to sug- 
gest tuberculosis, 
He was admitted to the Royal Victoria Hospita 
in May 1939 and by this time he was acutely ill. For 
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weeks (plate VIII.) he ran a febrile course. Far 
Plate VIII. 
See accompanying Temperature Charts. 
from luiproving, he seemed to be going downhill. 
He was thin, pale and anaemic and his profinen 
cheeks bore a cyanotic flush. He sweated profusely 
both day and night and, as he lay in bed, he seemed t 
weary or exhausted to atte pt to sit up. 
Not only was there flattening, diminished expan- 
sion and impaired percussion resonance below the left 
clavicle, but in the same area there was harsh, cog - 
wheel breathing, with prolonged expiratory murmur an 
much increased conduction of the heart sounds towards 
the left apex. 
Moist accompaniments were plentiful. They wer 
¡audible at the left apex and in the second, third and 
135. 
fourth left interspaces. They were increased by the 
act of coughing. 
But the signs of tuberculosis were not confine 
to the left lung. The presence of left -sided tubercu- 
lous epididymitis was confirmed on admission, and a 
fortnight later enlargement of the left jugular group 
of cervical glands appeared. Further, a month after 
admission to hospital, he began to complain of persis- 
tent abdominal pain. His abdomen was tumid, doughy 
and tender. Ill -defined resistances sdggestive of 
matted omentum could be felt, and the associated fe- 
brile disturbance left little doubt as to the nature 
of the abdominal condition. In the abdomen, lung, 
neck and epididymis active tuberculosis was present, 
and I therefore considered that he also would be a 
suitable subject for the experiment with rubiazol, 
although the drug was intended primarily for trial in 
pulmonary disease. 
Rdbiazol was administered only after the 
patient had been in hospital for a couple of months 
without making noteworthy progress. Then it was given 
for two weeks, stopped for one week, and resumed for 
'_other three weeks. The interruption during the third 
week was made because,, although the patient appeared 
to be better, the sedimentation rate had risen and the 
;bite blood count was rather low. 
The tei peratu Mf&te VIII); are included, but 
in tabulated form, as in the previous case, results 


































































































































































































































































































































































































































































The total quantity of rubiázol given was 50.4 gm. 
in the following amounts:- during the first, fourth 
acid fifth weeks of treatment he received 1.2 gm. 
daily, during the second and sixth weeks 1.8 gm., and 
during the third week none. 
The first fortnight he was in hopsital the 
patient had no sputum; thereafter the quantity in- 
creased gradually until the ninth week, during which 
he began to have rubiazol. In this week the amount 
was maximal, but there followed a decrease which was 
most .marked after three weeks. of rubiazol and was 
maintained even after cessation of the drug. 
The temperature subsided slowly but was indeed 
still subfebrile at times shortly before discharge; 
the pulse -rate was appreciably slowed when and after 
the rubiazol was given. The terminal rise in pulse - 
rate was due to the patient not remaining strictly at 
rest during the tense days immediately preceding out- 
break of war. 
The sedimentation rate, after rising for two 
weeks with rúbiazol, began to fall when the drug was 
interrupted, and this fall was subsequently maintained 
when the drug was resumed and after it was stopped. 
If the two -hour administration figure be taken as the 
index the result was not very impressive, falling, as 
it did, from 86 to 70 between the eighth and seventeenth 
weeks; ón'the other hand, between the eleventh and 
!fifteenth weeks it had fallen-from 98 to 69. The rea- 
son for the increase during the first fortnight of 
treatment remained obscure, particularly as the patient 
138. 
felt and looked better by the end of that time. 
The patient was noteighed every week because 
at times he was unfit to leave his bed. However the 
weights which were recorded latterly appeared to show 
a beneficial effect from the rubiazol. 
The comments of the patient are worthy of men- 
tion. He said that he felt sick for the first two 
days, but the nausea had then passed away and subse- 
4uently he "seemed to sort of thrive" on the tablet8. 
He had noticed a great difference. Sweating ceased, 
abdominal pain and discomfort vanished, his appetite 
improved and weight increased correspondingly; cough 
and sputum were much lessened. He sat up and took a 
new interest in life. Instead of looking pale and 
toxic he became bronzed and seemèd the picture of 
health. The swollen glands in his neck subsided and 
the focus in the epididymis began to calcify.. Indeed 
even the sceptical onlooker was much impressed by the 
charge that came over the patient. 
Not only however did the patient look and feel 
better .,_. but with commencing subsidence of the sputum, 
7 
(after two weeks of rubiazol) tubercle bacilli disap- 
peared; also elastic tissue, pus cells and sapròphyte,s, 
such as streptococçd, decreased and vanished while the 
s;;utum became scanty and mucoid. 
Moist accompaniments in his chest were so far 
cii.irinished that coughing was necessary to make them 
audible, and radiologically there was also much im- 
provement. 
War broke out. Liany patients left hospital. 
Jo 
Much against advice he also decided to go home. 
He promised faithfully that he would rest in bed all 
day. A month later he called back at the hospital 
looking very well and having gained further weight. 
He announced that a week after discharge he had re- 
sumed his old job - lifting heavy objects as a van - 
boy. How true it is that you cannot hope to cure a 
foul of tuberculosis I 
Case 3 . A.D. male aged 24 : his occupation had foie 
nine years consisted of loading lorries with lemonade 
bottles, and it entailed the lifting of weights some - 
ti:imes in excess of an hundredweight. He was uncer- 
tain how long he had been feeling off- colour, but 
three months before admission to hospital he realized 
that he was unwell. He had no appetite, was tired in 
the evenings, desired only to get to bed, and seemed 
always to be feeling cold and shivery. A cough,whic 
had previously been attleibuted to smoking, became more 
troubleso!_ïe, and his weight fell in six months from 
10 st. 7 lbs. to9.st. 4 lbs. 
At length he felt too ill to work and went to 
see his doctor. He was referred to the Tuberculosis 
Dispensary and admitted to hospital a week later. 
äix years previously, following the death of 
a sister from tuberculosis,he had been examined as a 
contact case and declared to be free from disease. 
Yo other relatives were found to be suffering from 
tuberculosis and his wife and two -year -old child ap- 
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140. 
On admission he was acutely ill. He coughed 
a great deal and produced copious sputum. Sweating 
was troublesome both during the day and night, and 
fever was very persistent (plate IX.) He was breath 
less and cyanosed, and examination of his chest showe 
evidence of widespread disease. There was flattenin 
of both subclavicular areas with impaired percussion 
resonance, medium- pitched bronchial breathing, abun- I 
dant moist ráles - some coarse and consonating, some 
medium or rfille subcrepitant - and whispering pector.- 
loquy was located along the lower half of the verte- 
bral border of the right scapula. In the latter are 
there was also post- tussic suction. 
Radiologically extensive tuberculosis of the 
broncho -pneumonic farm was seen to affect the upper 
two- thirds oft'-bath -ltin `; i l4a (plate X.) 
Plate X. aged 24, showing broncho- pneumonic 
type of tuberculosis affecting extensive 
areas in both, lungs, 
141. 
The sputum was purulent and contained large numbers of 
tubercle bacilli. 
l"lith such evidence the prognosis appeared very 
black, and indeed it seemed that he should have been 
admitted to a hospital for advanced cases rather than 
to the sanatorium. 
When, after thirteen weeks, pyrexia was still 
present, (though admittedly rather less marked than 
on admission), I thought he might be considered suit- 
able for the experiment with rubiazol. But there 
were aleo several other reasons for deciding to give 
him the drug. 
Besides the continued pyrexia ?the sputum was 
quite as.profuse as on admission and still loaded with 
tubercle bacilli. Also, moist adve titia were not 
appreciably diminished in quantity. 
There was no doubt that a change occurred 
following the rubiazol. Sputum became less, and afte 
three weeks examination failed to reveal the presence 
of tubercle bacilli. The results obtained in examin 




Date Examination of Sputum. Treatment. 
21st April - Tubercle bacilli + + +. - 
17th _.Tay - u rr ++. _ 
27th June - " ti + + +. _ 
8th July - u n ++ Rubiazol starte 
14th July - u u + Having Rubiazol 
19th July u II if + it ii 
28th July - n tr _ n n 
6th August - II _ ti rt 
17th August - " " - Rubiazol discont'n- 
ued on 12th. 
28th August - 
It was of course no proof that the sputum had 
become sterile: neither enrichment nor culture( metho 
were used in reaching the above results, but the appar 
ent disappearance of the tubercle bacilli certainly 
and 
coincided with the administration of rubiazol,/saproph 
tes became very scanty though they did not e ntirely di 
appear. 
The pulse -rate slowed but orle to about the 








































































































































































































































































































































































































































































































































The sedimentation rate, which was 102 (fix two 
hours) on admission, was still 100 after fourteen weeks 
in hospital. The fall to 90 after two weeks on rub 
azol and to 81 after four weeks was surely, if not 
sensational, at least not mere coincidence. No fur- 
ther fall occurred, but whereas previously the patient 
had . been too ill to leave his bed for the purpose of 
weighing, now, following the rubiazol, he was able to 
do so and actually gained two and a half pounds in one 
week. 
His evening temperature altered from usually 
febrile to become usually normal though sometimes sub- 
febrile. Possibly the most remarkable of all evi- 
dence of improvement was the diminution of mois ture. 
Instead of abundant and widespread, the raies were 
everywhere very scanty except at the right apex. 
Here however they persisted in a rather obstinate 
:.inner, while the whispering pectoriloquy and apparen 
cavitation in the right lower lobe also remained. 
Asked whether he thought he was betters_ worse 
just the same, the patient said that 'she never felt 
better" than he now did. His sputum was much lessens 
and in particular he was no longer troubled by the 
"incessant cough, cough, cough') on waking in the morn- 
ing. 
Radiologically there was also evidence of 
improvement. Areas of infiltration were diminis 
led in extent and rather more sharply defined, and there 
s commencing fibrosis. 
When there were so many signs to suggest 
r 
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improvement and one began to hope that the fatal out- 
come might be averted, it seemed sheer tragedy that 
the patient, on the outbreak of war, should decide 
to go home. Two months l;Jter he was said to be 
',keeping about the s ame ," but since then nothing has 
been heard of him. It would not be surprising to 
learn that he also has started to work. 
Case 4 : A . McD. male) aged 27 , an engraver) who had 
been under treatment with insulin for diabetes for 
even years. Two years after the diabetes was dis- 
covered he was found to have developed left -sided 
pulmonary tuberculosis. He was admitted to the 
Royal Victoria Hospital and an artificial pneumo- 
thorax was induced. During this stay in hospital 
he also received a course of gold injections - a 
total of 5 gm. of sanocrysin being given. 
Twelve months later he was discharged, feel- 
ing well apart from slight dyspnoea on exertion. 
He attended hospital for pneumothorax refills for a 
further two years. Thereafter he enjoyed reasonably 
good health until October 1938 when he had an attack 
of 'Influenza,. His cough and sputum returned, 
breathlessness was aggravated, he became easily tired 
and lost more than a stone in w eight. When read- 
_fitted to hospital in May 1939 he weighed only 9 st. 
lbs. His height was 6 feet. 
He was then pale and anaemic with toxic palat- 
and atonic muscles. There was hollowing above and 
below both clavicles, bilatéral impairment of percuss one 
145. 
medium- pitched bronchial breathing and multiple moist 
riles, these being coarse and consonating in the 
right upper lobe. Bilateral fibrocaseous disease 
with cavitation was shown on x -ray (plate XI.) ex- 
amination. 
Plate XI. A.McD. aged .27, showing bilateral fibro- 
caseous tuberculosis with displacement of 
heart and trachea to the left. Old 
standing disease on left (treated by A.P.) 
and recent infiltration on right side. 
In addition his voice was husky, and it was found that 
there was tuberculous infiltration in the interaryteno 
region of the larynx without actual ulceration. 
From the long history, comparative absence of 
pyrexia, shifting of heart trachea and mediastinum to 
the left and general clinical picture, he was classed 
as a case of chronic tuberculosis - in contradistinc- 




Under the influence of a strict diet and in- 
sulin he gradually put onw eight; he gained more 
than ten pounds in the course of six weeks. That howi- 
ever was practically the only evidence of improvement. 
During the same period his pulse -rate quicken,' 
ed, his sputum remained positive for tubercle bacilli 
and increased in quantity, and sedimentation rate rose 
from 88' to 99 (for two hours) . He was therefore given 








































































































































































































































































































































































































































































Briefly the result was disappointing (table 
4) The previous increase in weight was not main- 
tained, the sputum remained tubercle laden and appro- 
ximately the same in amount. The initial drop in sed 
imentation rate from 99 to 87 (after one week), and 
85 (after two weeks), was likewise not coritinued,and 
the pulse -rate was slowed by only a negligible degree 
That he was an unsatisfactory patient, who 
constantly broke rules and fought against d . §cipline, 
may have contributed to the negative result in his 
case. As Kingston Fowler, (1921) wrote "No fool 
gets rid of tuberculosis of the lungs. He may be no 
fool in relation to literature, science-or art, but 
if he is -in relation to his win well-being-he is 
doomed for certain." 
His throat remained the same, and his general 
condition was not altered materially either for bette 
or for worse by the course of rubiazol. Like most o 
the other patients, he was discharged on the outbreak 
f war and since then he has steadily deteriorated. 
Case 5: Mrs E.D. aged 22, whose father had died of 
I pulmonary tuberculosis five years previously. 
tarried at 20 she had a baby a tear later. Following 
parturition she was in bed for three weeks, but on 
getting up she felt ill. Her appetite was poor, she 
had night -sweats, became tired easily, had palpitatio 
and was extremely breathless. 
A week later she felt a pleuritic pain on the 
=J Lt side, and this was accompanied by an irritat4ng 
149 . 
dry cough. Tuberculosis was suspected and the diag- 
nosis confirmed by sputum analysis and radiological 
examination. The prognosis was thought to be hope- 
less and she was admitted to a hospital for advanced 
cases in August 1937. 
z;he made surprising progress. Her weight rose 
from 6 st. 9 lbs,to 8 st. 4 lbs. in eight months, and 
although suffering from bilateral disease (plate XII.) 
Plate XII. -- 
Plate XII: Mrs E.D. aged 22, showing bilateral pul- 
monary tuberculosis with multiple cavit- 
ies and right -sided A.P. (discontinued.) 
it was decided to risk inducing an artificial pneumo- 
thorax on the more diseased right side. This was 
done successfully in March 1938, and crysotherapy 
was started shortly afterwards. Progress continued. 
Diarrhoea, thought to be due to gold intolerance, was 
150. 
followed in July 1938 by a febrile disturbance and 
appearance of an effusion complicating the pneumo- 
thorax. 
Signs of increased activity were evident at 
both apices, and she lost 8 lbs inweight in little 
more than a month. Then she began once móre slówly 
to improve. At length, in March 1939, she was 
transferred to the Royal Victoria Hospital consider- 
ably better. 
In her new environment, apart from a slight 
initial gain inweight, there was little alteration 
in her condition. She was allowed up for gradually 
extended periods, beginning on 9th May 1939. Her 
progressseemed however -Co have stopped. In twenty 
weeks she only gained 1- lbs. and for eleven weeks her 
had 
weight /remained at 7 st. 12 lb., so I decided to 
give her rubiazol. 
The result (Table 5) was not startling, but at 
least appreciable,because she promptly gained 4 lbs. 

















































































































































































































































































































































































































No less perceptible was an apparent slowing 
of the pulse. Her pulse -rate had a.d.Ji ttedly been 
variable, but the drop from 90 to 76, which w as sub- 
sequently maintained, was noteworthy. O 
bhe had nó sputum, but it was surprising to 
find a lack of confirmation of improvement in the 
sedimentation rate, which was lowered for one week 
and then rose again. Menstruation may have been re- 
sponsible for the rebound. It did not however ex- 
plain the subsequent failure to fall. 
In her general appearance there was improve- 
ment and onphysical examination there was no doubt 
that the moist accompaniments were much less pro- 
minent. 
' Even though she was allowd to be up for 
eight hours each day there was no relapse, and when war 
broke out she was evacuated to her home where she 
continued to progress. 
Case 6: Miss J.G.: aged 23, a factorywworker. 
Two years previously she had developed a cough which 
did not improve with medicine . .he also became 
breathless, lacking in energy and sweated at night. 
For six months she was treated for "bronchial catarr 
but at length, following an haemoptysis, her doctor 
ordered an x -ray of her chest and found the true 
diagnosis was bilateral tuberculosis. 
On admission to hospital she was thin and an- 
aemic, and had that freckled appearance described 
by sode as portraying an exudative diathesis. Her 
hair was of fine texture and eyelashes were abnormal 
ct 
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long, but her expression was one of weariness and 
exhaustion. 
Euscular atoriy, drooping shoulders, flattening 
and retraction of the chest below the clavicles with 
impairment of percussion note, diminished air -entry 
and bilateral medium subcrepitant râles - these were 
the main physical signs of disease. 
Very scanty sputum contained numerous tubercle 
bacilli, and for about nine weeks her temperature was 
subfebrile before eventually settling and becoming 
normal. 
áhe was confined strictly to bed, yet in site 
of this, after five months .,. she had four A* sharp 
haemmoptyses in quick succession. An artificial pneu- 
mothorax was induced on the left side and succeeded 
in controlling and preventing further haemorrhage. 
Unfortunately signs of activity on the right side 
became pronounced, and a month later a pneumothorax 
was induced also on that side. 
Owing to adherent pleura on the right side 
_.zìd to pleural adhesions on the left side, neither 
lung was collapsed in a really s atisfactory manner. 
,oi ne of the adhesions were divided by electro= cautery 
but still others remained (plate XIII.,)and could 
not be severed. 
Plate XIÌI. 
154. 
Plate XIII. J.G. aged 23, showing A.P. with 
incompletely collapsed left lung held 
out by adhesions, and infiltration of 
right inter- cleido -Hilar zone. 
After six weeks the pneumothorax on the right 
side was abandoned. Cough and other symptoms had 
seemed. to be aggravated by the bilateral pneumothorax, 
and diarrhoea in particular had troubled her for four 
weeks, while she became febrile and lost eight pounds 
in weight. 
slowly she began again to improve. she regain. 
the lost weight after three months. At length after 
a whole year in be::, she was allowed tip for half -an- 
I hour each day. This was increased later to one and 
. then two hours, but immediately the moisture at the 
d 
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right -apex, which had almost vanished, returned, and 
the sedimentation rate rose from 77 (after two hours) 
to 86. 
With such a high sedi mentation rate after pro- 
longed rest the prognosis seemed pretty hopeless. 
Therefore, as an alternative to sending the patient 
back to be all day, it was decided to try the effect 
of rubiazol - to see whether it could succeed, where 
rest had failed, in checking the activity on the righ 
side. On the left, with the pneumothorax, no moistur 
could be detected, but owing to the adhesions only 
150 to 200 ccm. air could, be given at each refill. 
This resulted in an intra- pleural pressu .a_ of ±0: +8. 
áhe was given two tablets of rubiazol three 
tia s a day for three weeks and three tablets thrice 
daily for the fourth week. The result was inconclu- 















































































































































































































































































































































































































































































































































Case*: M.M. male, aged 32, a clerk, who was suf- 
fering from chronic fibroid tuberculosis. He gave a 
history peculiarly similar to that of case 4. 
During 1932 he consulted his doctor on account 
of loss- of weight, thirst and pólyuria, and was found 
to have diabetes. He was admitted .to the Edinburgh 
Royal Infirmary and treated there by diet and insulin; 
the latter was steadily r educed from 50 units daily 
until he Was having only 6 units each day. 
After discharge he remained well for one year. 
Then he developed a cough with sputum and had a slight 
haemoptysis. Pulmonary tuberculosis was discovered 
on the left side, and he was admitted to the Royal Vic- 
¡ 
toria Hospital in October 19334 
' 
i'. 
In March 1934 an artificial pneumothorax was 
induced on. the left side and it was maintained success 
fully for 3 years. Much improved, he remained symp- 
tom ..free till May 1938 when "he caught a chill" and 'wa- 
readlnitted to the Royal Victoria Hospital.. A phrenic 
nerve crush w as performed and he stayed in hospital 
for 6i3c months. Then he was discharged at his own reJ- 
cuest but against medical advice. 
On May 1939 his condition had so far deteriora- 
ted that he relented. He was again readmitted to hos- 
pital where a thorocoplasty was performed in 4 stages. 
The .x-ray (Plate XIV.) was taken while he was conva- 





Plate XIV.: M.M. aged 32, showing displacement of 
trachea, heart and mediastinum towards 
collapsed lung following recently 
performed left -sided thoracoplasty. 
He beganto feel better, but cough and copious 
sputum still persisted and, although reduced from 
100, he was still receiving 65 units of- Insulin 
daily. 
His appearance was that of a cadaverous in- 
dividual, with clubbing of the fingers, sunken cheeks, 
xma prominent hollowing above and below both clavi- 
cles,trachea and heart displaced towards the left 
side, stony dullness on percussion, enfeebled air - 
entry and multiple :_:odium or coarse moist râles all 
over the left lung field. The x -rày showed displace- 
ment of the heart and mediastinum to the left side, 
159. 
fibroid tuberculosis with cavitation on the left and 
compensatory emphysema on the opposite side. 
It was primarily with the object of observing 
whether or not there was any effect on the quantity 
of sputum expectorated that I placed him on rubiazol. 
The result was entirely negative as will be seen from 
the accompanying Table (7). 
TABLL _24 
ae eks 1 2 3 4 5 ..._._ 7 8 
;putum 24 21i 22 2Q-2 
Pulse 85 86 86 86 85 88 93 
B. .R. 
¿eight 
- - - 29,1.5 29 23,50 2045 
- - - e.74 9.104 
The observations in this case were started 
four weeks after the last stage of the thoracoplasty 
had been performed, and they ended abruptly as ten 
days only after he had finished having rubiazol he 
ryas evacuated from hospital on account of the war. 
He was not fit enough to leave his bed for the 
purpose of weighing before the sixth week (Table 7), 
and the fact that he gained 2i pounds in weight dur- 
ing the following week cannot be credited to the rub - 
iazol. The drug produced no effect on the sedimenta- 
tion rate, on the pule -rate, nor on the quantity or 
çuality of the sputum. 
By way of explanation it should be noted that 
no benefit was anticipated in this type of case - on 
In which fibrosis was predominant. The lung was parti Y 
160. 
collapsed and iriexpansile, and circulatin blood 
carrying the drug had minimal access to the diseased 
areas. 
The negative findings, if not welcome, were 
at least expected. 
Case 8: R.W. male, aged 21, a- labóurer, Who was, 
judged by the result, possibly the most interesting 
of the cases in the experiment. 
His- father had died of pulmonary tuberculosis 
complicating diabetes, and he had a brother with bila 
eral tuberculosis who, nine months; previously, had 
been discharged very much improved after ten Months 
in hospital. His mother and five siblings were ap- 
parently in good health. 
Some eight months before. admission to the Roy -i 
Victoria Hospital the patient had pain in his chest 
in the region of the left scaPula. With medicinal 
treatment this "muscular rheumatism" improved. It 
did not hOwever disappear entirely, and six months 
later it became very acute. 
Changing the diagnosis towa little touch of 
catarrh ", his doctor persisted in symptomatic treat- 
ment, reassured the. patient, and allowed him to .resum 
!manual work. 
At length, worried by pain, dyspnoea, cough 
and sputum, and 'particularly remembering his family 
history, he requested that an x -ray examination be 
made. This was done and the examination revealed 
1 




Plate XV.: R.W. aged 21, showing extensive left 
sided fibro caseâus tuberculo.is with 
displacement of the heart to that side. 
Within a fortnight he was admitted to hospital. 
He was then pale with a cyanotic malar flush,looked 
very ill, and became faint and collapsed on standing 
for a short whiled uring examination. itusculature wad 
flabby, pulse soft and accelerated in.rate, blood presJ. 
sure low - systolic pressure 108, diastolic 65 - and his 
a 
palate was /toxic primrose yellow colour. 
Signs of disease were easily detected and just 
as extensive as the radiological examination led one 
to expect. There was drooping of the left shoulder 
with relative wasting of the left shoulder muscles, 
flattening below the left clavicle, diminished expan- 
-on and impaired air -entry and percussion note over 
162. 
most of the left lung, and correspondingly widespread 
medium or fine subcrepitant râles. Friction was not 
audible, but evidence of old -standing disease; was see . 
from the situation of the ape.:.-beat. This was outside 
the left nipple, and since the heart was of norzial dim 
ensions it indicated retraction of the heart and media 
tinum towards the diseased side. . 
Injections of sodium cacodylategr4 produced 
both local and febrile reactions similar to those from 
an excessive dose of tuberculin. The injections were 
discontinued after two had been given. 
An attempt to induce an artificial .pneumothor- 
&.x failed, owing, presumably, to the adhesions result- 
ing from the old- standing pleurisy. 
Crysotherapy was tried, and it was during this 
course of treatment that rubiazol was also given.. The 
¡object here was to discover whether there was any 
symbiotic or allied effect of the two drugs together - 
gold (crisalbine) and sulphanilamide ( rubiazol.) 
I have already mentioned that both compounds 
ia.ve same structural similarity and that both are known 













































































































































































































































































































































































































































































































































































The result was instructive. There was.no appreciable 
effect on the pulserate which was previously within 
normal limits, nor was there any noteworthy effect on 
the weight-which had been slowly increasing since 
admission. The sputum began 'to decrease in quantity 
and this diminution continued after stopping the rubia 
zol. But the most profound effect was observdd in 
the blood sedimentation'rate. (Table 8a). 
On admission -his two-hour sedimentation.readin 
was 44. With the rest in bed and general tonic trea 
ment it fell, during the first six weeks, to 37. At 
this point injections of crisalbine were started. He 
received .0.01 gm. the first week, 0.02 gm. the next, 
and a further increase of 0..02 gm. in each subsequent 
weekly injection up to 0.1 gm. 
After two weeks of gold the sedimentation rate 
had risen very slightly to 39. Then it was that 
rubiazol was started in addition to the gold. Insid- 
a week the rate was down to 5, and after another week 
it was only -4 after two hours. 011e wondered whether 
this phenomenal alteration Would be.maintained,but 
it was not so. Subsequent aberrations were puzzling. 
The figures are shown in greater detail. in 




Blood sedimentation Rate Treatment 
1 Hour 2 Höurs 3 Hours 







Bed - rest 
Crisalbine 0.0i gin 
0.02 



























































up 2 Il rs. 
0.4 gm. 
Every precaution was taken to ensure that, as faa 
as possible, extraneous factors, liable to influence the 
se iLientation rate, should be ruled out. Blood was 
r ;ithdrawn from the patient at the sane hotu r of the same 
- ia each week and readings were obtained at the same . g 
eJfaperature and under the same conditions. 
Alterations in the sedimentation rate may have 
een influenced by improvement in the patient's condi- 
iori, by the crisalbine, by the rtkbia.zol, by the patient 
ein`; allowed up, or by sonne other completely obscure 
factor. 
166. 
Of these possibilities none is a wholly satis- 
factory explanation. There was an improvement in the 
patient's condition. He gained weight, sputum lessene 
subfebrile elevations of temperature disappeared. He 
looked and felt better and moist accompaniments in the 
left lung became less prominent, but there was still 
abundant moisture and evidence of activity. 
Crisalbine alone did not materially influence 
the sedimentation rate before rubiazol was started, n 
have I ever observed such extreme undulations of the 
rate in other patients having crysotherapy. 
An initial sharp fall in the sedimentation fol- 
lowing rubiazol had been observed :in some of the cases 
already described, but certainly it was always less 
dramatic than in the present instance. 
oecimens of blood were obtained in the morn - 
ing, whereas the patient was allowdd up only in the 
afternoon. Exercise could therefore influence the 
sedimentation rate only indirectly, by causing a de- 
terioration in the general condition of the patient. 
has just been mentioned however, there was no de- 
terioration but rather some improvement in the patient 
. onaition, and though it might throw light on the 
rises in sedimentation rate it would not explain the 
fall. 
The most likely explanation would seem to be 
that rubiazol and gold together have a symbiotic actio 
_rofoundly disturbing to the mechanism which controls 
t e blood sedimentation rate in an individual. 




seemed to mark a turn for the better in this patient. 
He had previously failed to make satisfactory progress 
and was on the verge of being transferred to another 
hospital for advanced cases. After rubiazol there 
was a steady improvement, so much so that four months 
later he was able to be up for eight hours dai ]Ywith- 
out ill effect. 
Tubercle bacilli became progressively more scar 
and could not be found in the sputum six weeks after t 
rubiazol was started. Saprophytes, particularly stre 
tococci, became very scanty, and from frankly purulent 
in character the sputum became mucoid with but a few 
clusters of pus cells. 
Eight months later the patient was continuing 
to make good progress though. now discharged from hos- 
pital. 
With a view to investigating further the allied 
effect of gold and rubiazol, the following three cases 
were also given both forms ofttreatment. 
Case 9: W.B. aged 18, a mill -worker, who had had 
pneumonia three times in infancy, including a pneumo- 
coccal empyaema on the right side, which had necessi- 
t:ted drainage. Breathless for about a year, he had 
:Jen troubled by a cough; and right -sided pleuritic 
for four months before he was admitted to hospitaï 
No accompaniments were audible, but there were 
expansion, 
ela.yed /, enfeebled vesicular breath sounds and im- 
_çaired percussion resonance below the right clavicle, 
corresponding to a medium -sized zone of tuberculous 
infiltration observed radiologically in the right 
e 
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inter -cleido - hilas region. 
'Adherent pleura prevented the induction of a 
pneumothorax and injections of crisalbine were begun. 
In sixteen weeks he gained a stone in weight, scanty 
sputum had disappeared, and his blood sedimentation 
rate had dropped from 21 to 9 (after 2 hours.) 
At that time he had received a total of 5.67 
gm. crisalbine and the gold was duly discontinued. 
Immediately however rubiazol was started in the dose 
of two tablets thrice daily. The already satisfactor 
sedimentation rate fell to 7 after one week, to 5 aft 
two weeks and remained at that figure until and after 
rubiazol was stopped. The drug was given altogether 
for four weeks. 
There was no noteworthy effect during this 
time on the weight, sputum, pulse -rate or temperature 
The patient continued to progress. 
Case 10: -D.D., aged 30, a baker. In November 1938 
he was admitted to hospital with a right basal pneumo 
ia. Improvement was followed, after a fortnight, by 
a left -sided pleural effusion. Radiological examina- 
tion showed bilateral tuberculous infiltration in the 
upper third of both lung fields. The total amount of 
parenchyma involved was relatively small. He was 
admitted to the Royal Victoria Hospital at the beginn'ng 
of December 1939. In most respects he made excellen 
progress. He gained a stone inw eight in seven weeks, 
another stone in a further sixteen weeks,and after 
twenty -two weeks his sedimentation rate had fallen fr m 
55 to 14 (after two hours.) During part of this tim 
169. 
he had a course of gold injections - totalling in 
all 7.9 gin. crisalbine. 
In June 1939 he began to get up and a second 
course of crisalbine was started. The sedimentation 
rate continued to fall - from 14 to 11 in ten weeks, 
and this despite the fact that, when the latter esti- 
mation was made, he was remaining up all day. At thi 
point rubiazol tablets were started. He had had 1.5 
of the second course of crisalbine. The result 
is shown in Table 9 : - 
TABLE 
Date Blood edimenta.tion Rate Treatment 
1 Hour 2 Hours LHours 
1938 December' 16th - 55 
1939 June 2nd - 3.4 
" August 22nd 4 11 
" " 29th 3 10 
;eptember .'5th 2 6 
12th 0 
" " 26th 1 3 





1 Rubiazol tabl 
4 
In this case, after three weeks, a reading was 
obtained which was analagous to that seen in case 8 
after two weeks of rubiazol. Like in the latter als 
there was no significant effect on the.weight or puls 
rate, (sputum. :;as absent), though moist accompaniment 
Cis decrease..very markedly. 
The last reading was obtained a fortnight afte 
discharge from hospital. The improvement. was appar- 
ently maintained . Eight months later the patient 





Case 11: Miss J.McN. aged 27, a typist. Unfortun- 
ately not an instructive case. Her father had died 
of phthisis eleven years previously and she had had 
suggestive symptoms for eight months. 
Admitted to hospital as a case of pr_eumonia,sh 
was found. by x -ray examination to have bilateral api- 
cal tuberculosis with a small localised spontaneous 
pneumothorax near the right apex. 
She was transferred to the Royal Victoria Hos- 
pital in May 1939, where she was given a coursie of 
crisalbine and kept at rest in bed. Her weight in- 
creased in fourteen weeks from .6 sto...5 lbs. to 7 st. 
12 lbs., and the sedimentation rate fell from 48 to 
7 in the same period. At the same time t.ere was no 
dimunition of moisture, there being still copious 
medium súbcrepitant r2les at both apices. 
Rubiazol was started. At the and of a week th 
sedimentation rate had risen again to 25, while the 
patient had diarrhoea and also showed albuminuria. 
It was assumed that the disturbance was due to gold 
intoxication, but for safety both crisalbine and rub - 
iazol were discontinued. 
After a fortnight she began again to improve, 
but it was thought unwise to resume the crisalbine, 
rubiazol given for a further fortnight was withou 
definite effect. 
Case 12. J.L.K. aged 25, a chemist, who was admit- 
ted to hospital for appendicitis and was found also t 
have extensive bilateral pulmonary tuberculosis. He 
ib 
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was transferred to the Royal Victoria Hospital in May 
1937 after appendicectomy and treated at first only 
by strict rest in bed. In Movernber of that year he 
began a course of gold injections but these were dis- 
continued in February 1938, after 15 injections 
(total 4.4 grn. sanocrysin), owing to albuminuria. 
In ::arch 1938 an artificial pneumothorax was 
induced on the more diseased left side. It was fair- 
ly satisfactory, but a small cavity appeared near the 
right apex and during June 1938 an attempt was made t 
induce a bilateral pneumothorax. The attempt failed. 
Therefore the right phrenic nerve was crushed by oper 
tion, and the resultant temporary paralysis of the 
diaphragm led to successful obliteration of the cav- 
ity on that side . 
To produce a more complete collapse in the left 
lung five adhesions were divided by electro- cautery, 
but there still remained others which were inaccessible. 
(Plate XVI.) 
J.L.K. aged 25, show- 
ing left -sided A.P. with 
apical adhesions, dis- 
placement of heart to- 
wards opposite side and 
small area of infiltra- 




From the time of admission, two years previous- 
ly, the patient had improved enormously, and this im- 
provement was most marked in the x -ray examination. 
His weight, however, though fluctuating, was actually 
less than on admission at the time rubiazol was star- 
ted. (Table 10.) 
TABLE .10. 
Date Weight 
1937 P. ay 27th 9 st. 5 lbs. 
" July 1st 9 stc.lO 
Yovelsiber 1st 10 st. 
1938 January 1st 9 st.13 lbs 
" April 1st 9 st. 10 lbs. 
" June 1st 9 st. 13 lbs 
" September 1st 9 st. 8 lbs. 
" December 1st 9 st. 8-, lbs Adhesions cut. 
1939 Larch 1st 9 st. 6 ibis. 
" June 1st 9 st. 34 lbs 
" July 1st 9 st. 3 lbs Rubiazol started 
" 9 6th 9 st. 5 lbs " tab. ii t.i.d. 
t' n 13th 9 st. 44 lbs. " " Y " 
" " 20th 9 st. 5 lbs tt 9 tt tt 
27th 9 st. 7 lbs. tt tt tt 
u 
" August 3rd 9 st. 94 lbs. Rubiazol stoppe 
" " 17th 9 st. 94. lbs 




Allowed up one h ur 
Allowed up four ours 
An increase in w eight coincided with the rubi 
zol, but the fact that his weight again declined sub 
sequently does not suggest there was lasting benefit 
r 
173. 
from the drug. He had no sputum and a normal sedimen- 
tation rate (5 after two hours) before the rubiazol 
was given. No alteration in the latter occurred, nor 
was it to be expected, but there was a slight though 
conclusive slowing of the pulse -rate. 
Little alteration was noted in physical signs, but 
the radiological appearance showed slight improvement. 
For his part the patient stated that his appetite had 
improved while taking the tablets. As, sulphanila- 
mide, despite all itsprbpérfties,, is not acclaimed to 
be a stimulant to the gastric juice, one must conclude 
the increase in appetite and gain in weight were pro- 
bably of psychic origin. 
Case 131 Miss A.C. aged 19, shop- assistant. Became 
ill in October 1936 and was admitted to hospital. 
ter4 artificial pneumothorax was induced and she was 
discharged much improved after ten months. Remained 
!ell and working until áeptember 1938. when she devel- 
oped a pleural effusion which proved to be purulent. 
There was now apparent activity at both apices (Plate 
VII.) 
she was re- admitted to hospital. Aspirations 
of the pus had to be made on four occasions. Her 
wei`ht increased slowly but steadily and her general 
condition improved, but still there seemed to be no' 
lessening of activity in the lungs. At length however 
°hen night -sweats, palpitation, dyspnoea and other 
untoward symptoms had largely disappeared, pulse -rate 
slow and sedimentation rate normal,she was given 
rul_,iazol and allowed to get up. 
Plat XVII. 
174. 
Plate XVII: Miss A.C. aged 19, showing left -sided 
py-ropneu 1othorax with partial re -ex- 
pahsion of underlying lung ; also 
slight subapical infiltration, on the 
right side. 
ka.in one observed (Table 11) the counterbalancing 




Date ;dei,ght Blood Sedimentation Rate Treatment 
1 Hour 2_Hours 3_Hours 
Jul 5th 5 ,,t.5ì lbs - - - Rest in bed. 
it 10th - - - - Allowed úp 1 hour 
" 12th 9 st.72 lbs 6 12 28 Rubiazol t,-,1) ii t.i.d. 
" 1;:th 9 st.6_ lbs 7 19 31 Allowed up 2 hours. 
" 26th 9 st. 8 lbs 7 20 32 " '1 3 U 
Aug ast 2nd 9 st .9 lbs - - ti u u u 
it 9th 9 st. 9 lbs 4 10 17 Rubiazol stopped. 
11 16th 9 st. 10 lbs. - - - Allowed up 4 hours. 
it 23rd 9st. 11 lbs. 5 13 23 " " 11 " 
In this instance the gain in weight was maintain 
ed, and a .temporary rise in sedimentation rate was 
followed by an improvement. Physical signs were unal- 
tered. It seemed that the rubiazol may have had a 
sli`ht action off -setting the expected injurious ef.!- 
fect of allowingthe patient to get up. 
Case 14: Mrs A.T. aged 29, a housewife, who was not 
trictly speaking a case of pulmonary tuberculosis. 
the beginning of March 1939 she was admitted to the 
Royal Victoria Hospital with abdominal tuberculosis. 
r abdomen was distended and there was a large palpab- e 
in the epigastrium extending down to the umbilicus. 
After three weeks, during which she remained febrile a d 
seemed to be making nm progress, she was transferred t 
another hospital for advanced tuberculosis. 
There she made unexpectedly good progress and by 
July 1939.: was allowed up for two hours daily. She le t 
hospital at that point and went home against medical 
176. 
advice. Within a week she had relapsed, become acute- 
ly ill, and was found to have developed -a left -sided 
pleural effusion (Plate XVIII. ) A fortnight later she 
was readmitted to hospital. 
Plate XVIII. 
Plate XVIII: Mrs A.T. aged 29, showing right -sided 
pleural effusion in patient suffering 
from abdominal tuberculosis. 
The fluid did not contain tubercle bacilli on ex- 
amination, but there was no reasonable doubt that she 
had a tuberculous pleural effusion. Presumably there 
was,obscured by the fluid, a small underlying tuberculous 
focus in the left lung, which had been metastasized 
from the abdominal mass. Therefore, with the idea of 
combatting the pulmonary lesion in its early infancy, 
I decided to give her rubiazol. 
It is impossible to dispute that the improvement 
rich followed may have been due solely to fresh sir 
177.. 
and rest in the sanatorium. Improvement was highly 
satisfactory (Table 12a). The ward- sister, with many 
years experience in the sanatorium, said that she 
"had never seen such a change in a patient "in her lif 
Always highly sceptical about the use of rubiazol in 
tuberculosis, that she should make such a statement, 
evert if it were an exaggeration, gave some idea of 
































7.8. - - - 7.10 7.12 7.121 
Feb- Feb- äubf. . Subf. Subf, Nor,- Normal Nor 
rile rile mal 
Date Blood Sedimentation 
TABLE 12b. 
Rate. Treatment 
1 hour 2 hours Lhours. 
August 15th 33 65 79 
" 22nd 31 65 72 Rubiazol Tab ii. t.i.d. 
29th 24 51 66 ti 
:.;epternber 5th 2 3 49 62 11 It It 
12th 16 39 55 Rubiazol s topped. 
19th 19 40 54 
i, 26th 4 9 16 
The sedimentation rate fell as soon as the rubia- 
zol was started (Table l2b), continued to fall for the 
three weeks the drug was given, ceased to do so during 
the first week after .stopping t Bald then :f e1.1 - 
178. 
remarkably in the following week. If, as I. thinks 
the drug exerted a favourable action in this case, i 
i.à hard to understand why the maximum fall in sedime - 
tation rate occurred between seven and fourteen days 
after the drug was stopped. 
Perhaps one might draw an analogy. A fracture 
will usually heal in course of time. If immobilize 
by a splint, healing is much ma e rapid. When the .lint 
is removed stiffness and .pain may temporarily be aggra- 
vated, but after a short time there is a return to no - 
._.ality. Did the rubiazol possibly behave like the 
splint - did it not expedite recovery 7 
So greatly had the patient improved that she was 
considered one of the patients who could safely be 
sent hone from the hospital on the outbreak of war. 
Case 1 Miss J.McB., aged 13 SchoolpArl. Her 
mother was known to have active pulmonary tuberculo- 
sis and had for a time been in a sanatorium undergoing 
treatment. When therefore the patient became ill 
with pleurisy and had a slight haemoptysis the pro- 
bable. diagnosis was obvious. She was admitted to 
hospital and an x -ray plate (Plate IV)) revealed infilL 
tration of the parenchyma at the right base. The 
Mantoux tuberculin test (0.01 mg.) was strongly 
positive, but no sputum was available for. examination.. 
There was no reasonable doubt that her condition was 
tuberculous. 
She was in hospital for ten weeks and her tem- 
perature still r emained elevated and intermittent. 
179 
she wa.s pale, toxic- looking and making little or no 
headway. I decided to try rubiazol. 
was 
The result (Table 13a) /contrary to hopes or ex- 
pectation because after a week of improvement, there 
was an exacerbation. No cause could be found for 
this unless it was the rubiazol. 
Rubiazol was discontinued after only a fortnight 
on this account. The drug certainly proved to be 
without benefit in this particular case. 
The sedimentation readings of this patient help 
to stress one point; namely the «fiance which may ex- 

































































































































































































































































































































































































































































































































TABLE 1 Th. 
Rate 
1 hour 2 hours hours 
July 12th_ 45 63 67 
25th 37 63 68 
August 1,ßt 19 52 62 
11 nth 85 89 
u 22nd 29 60 71 
September 5th 14 40 52 
Treatment. 
Rubiazol start 
1I tab. ii t.i.d. 
Rubiazol stopp -d 
The same reading was obtained for two hours on 
July 12th and 25th yet the readings for one hour dif- 
fered considerably. Still greater variance is seen on 
comparing the readings of these t-^ro dates with those 
obtained on 22nd August. 
Case 16: R.H., aged 45, a clerk, who gave a history 
of having pleurisy on the left side in 1529 and four 
years later an. attach. of pleurisy on the opposite aide. 
During November 1938. he developed urinary sympto 
dysuria and haematuria - and in February 1939, fol- 
lowing a cystoscopie investigation, a left -sided neph- 
rectomy was performed. Extensive tuberculous casea- 
tion was found in the removed kidney. 
Following the. operation he stayed in hospital for 
five month 'd but the urinary symptoms persisted. 
Radiological examination.(Plate XIX.) showed quite 
extensive fibroid tuberculosis in the left lung,with 
a circumscribed and apparently quiescent focus at the 
riiht apex. He was then transferred to the Royal 
Victoria Hospital for sanatorium treatment. 
Plate XIX: 
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Plate XIX: R.H.; aged 45, showing chronic fibroid 
tuberculosis of left lung with circum- 
scribed lesion at right apex. 
hoist accorApaniments were extremely scanty on ex- 
aination of the left lung. He seeJled to be a case 
sch as would be unlikely to benefit from the experi- 
=ent, but since his sedimentation rate was -nigh I de- 
cfded to try giving him rubiazol. 
He had no sr,utuld, his temperature and pulse-rate 
nor;nell and hi weight was steadily incrPas4T1. 
This stete of affairs continued w*,-Ifle he received the 
H2ubiezol. 
The action on the blood sedi_entaticn rete is 
.-,_0',711 in Table 14. 
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area of the right lung, moist accompaniments were 
numerous and varied in type, and the x -ray. examination 
(Plate XX) - 
Plate XX: D.McC, aged 18, showing multiple cavitatio 
in the right lung. 
showed the honeycomb appearance of multiple cavities 
in the right lung. 
Dot unexpectedl r an attempted induction of an ar- 
tificial pneumothorax was unsuccessful. 
When I decided to try rubiazol he had been in hos- 
pital for ten weeks without making any headway and a 
sharp bout of pleurisy was just subsiding. The re- 
sult of the rubiazol was negatii,- (Table 15) . ,;putum 
remained positive for tubercle bacilli and did not dim 
inish in volume; his weight was uninfluenced, and so 
also were his pulse -rate and temperature, the latter 
being persistently subfebrile. 
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TL LE___11. 
Date Blood Cedimentation Rate TreatLient etc. 
!_hour 2 hours J_heurs. 
July 14th 53 94 4.08 Acute Pleurisy. 
" 25th 36 69 87 Pleurisy subsiding 
august 1st 32 63 83 Rubiazol started 





15th 55 94 103 Rubiazol stopped! 
28th 29 48 60 
Rubiazol_ was given only for a fortnight. Far 
from improving with it, the pleurisy again became 
more acute and the drug, if not injurious, seemed tó 
be serving no useful purpose. Cessation of the drug 
was followed by improvement. 
Case 18, C.B., aged 22, a miner. The last of the case 
who, like the two preceding ones, gave a history 
pleurisy a year before his present illness began. 
He had never got rid of the cough following that ill- 
ness and also had some sputum in the mornings. 
Early in 1939 he started to vomit. Although the 
v._.:iting was preceded by spasms of coughing his doctor 
attributed the sickness to indigestion. Treatment 
ave no relief. 
f 
Eventually, having lost nearly a stone in weight 
the patient went of his own a ccord to the Tuberculosis 
Dispensary where the nature of his trouble was verified. 
He entered hospital at the beginning of Lerch 1939. 
Both his lungs were affected with scattered tuberculou 
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foci (Plate XXI.), but the right one showing dense 
Plate XXI. C.E., aged 22, showing extensive tubercu- 
lous infiltration of both lungs but more 
severe on the right side. 
mottling was much more seriously involved than the le t. 
Moist râles were abundantly present on both sides. 
Under sanatorium régime he made good progress. 
His weight increased from E st. 6 lbs. to 10 stones if 
seventeen weeks, the latter figure being slightly abo e 
his average expected weight. His sputum, at first po-i- 
tive, became negative for tubercle bacilli; and his 
te.Lperature settled of ter a few febrile bouts. At th 
s&_e time his pulse -rate slowed to approximately 80 
beats per minute. 
On the face of these fact~ it seemed rather 
superfluous to try out rubiazol and I confess it was 
done mainly out of curiosity. Before starting the dr _ 
owever he had lost three pounds in a like number of 
peeks and it seemed as if he were "sticking." In acdi 
ion a very great deal of improvement was still required 
f the left lung before possible collapse therapy could 
.,é considered for the right :side. Thirdly his sedimenta- 
ion rate was still high and seemed to offer a good in- 
1ex for estitating improvement. He was given two tablets 
f rubiazol thrice daily for three weeks. 
The pulse -rate remained uninfluenced. The weight 
ncreased bat. 2ï lbs during the first week, and then re- 
urned to the previous level the following week and re- 
ained there. 
The scanty sputum disappeared entirely. On the 
edimentation rate there was singularly little effect. 
(Ta idle 16.) 
TABLE 16.' 
Blood Sedimentation Rate Treatment. 
1 Hour 2 Hours Hours 
my 20th 51 86 ;9 
11 27th 49 76 -89 Rubiazol started 
ugust 3rd 45 75 89 Tabs. ii. t.i.d. 
II 10th 41 69 81 " n " 
" 15th 40 69 81 Rubiazol stopped. 
" 22nd 43 72 85 
It had fallen considerably the week before the 
iaha 
rubiazol was startedjthough it did continue to fall 
nor, 
wMle the drug was given the fall was not great, /when t 
rug was stopped, was the fall sustained. 
In this case therefore t here was no conclusive 




The late Dr Arthur Lathan wrote 19 years ago in 
da article on the progress of pulmonary tuberculosis: - 
'The extent or character of physical signs is of little 
sistance in determining the activity of the disease: 
he important things are the degree of toxaemia. and the 
esponse of the individual." Since he wrote that sen- 
ence considerable advances have been made, particularly 
n x-ray technique, enabling the extent and character 
f the disease to be gauged more accurately; also the 
edi__.entation test has been introduced and widely used 
or measuring the degree of toxaemia. It is probably 
till true to say that the nature of the disease presen 
an be assessed best by a study of the sympto_ as,but 
est of all is to utilize all available evidence,clini- 
a.l, radiological and laboratory findings. 
In the eighteen cases which have just been de- 
-scribed it was my aim to observe closely all the most 
helpful aids to prognosis - the temperature, body - 
weight, pulse -rate, presence or absence of tubercle 
oacilli, in the sputum, x -ray appearance and sedimentation- 
ate - and to note whether individually or collectively 
hey testified to a brighter outlook for those tubercu- 
ous patients who were given rubiazol or sulphanilamide. 
^ffect on the Ternperature:- 
It used to be considered that a raised temperatur 
'f it had been accurately taken, was a sure sign of 
ctive disease, and its absence an indication of quiesc 
It .was shown (Pearson 1909) that the progress could be 
ente. 
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gauged with some degree of .accuracy reference to 
the height, character and persistence of the pyrexia, 
and that this was one of the best measures for estima- 
ting the degree of toxaemia. But it is now realized 
that occasionally disease may progress in the lungs an 
fret no fever be present, even of very minor degree. 
:evertheless the following figures (Clarke 1922) are 
worthy of attention. 
Of 448 patients in the Forster Green Hospital, 
Belfast; who hE.d tubercle bacilli in their sputum (T.B. 
plus) , 93 were admitted with febrile temperatures, 174 
with subfebrile temperatures, and 181 with norr,Ial tem- 
peratures. At the end of 6i years after discharge: - 
of the first group only 1.1 per cent. were alive - of 
the second 17.2 per cent.; and of the third 37.6 per 
cent. 
In the present group of eighteen c ases none had 
a normal temperature on admission to hospital. Five 
who were T.E. plus were admitted with febrile tempera - 
tures (cases 1, 2, 3, 8 and 13), ten with subfebrile 
temperatures (cases 4, 5, 6, 7, 9, 10, 11, 12, 17 and 
18), and of the remaining cases two (14, 15) were feb- 
rile and one (16) subfebrile though no sputum could be 
obtained for exalr_ination. The cases to whom rubiazol 
was given were not therefore those for whom a good pro 
gnosis could be given and this fact is evident by the 
above figures. 
As is commonly found among - _ tients entering a 
sanatorium, the pyrexia began in most instances to 
,ub'side spontaneously with rest in the airy surround- 
ins. There was not consequently much opportunity fo 
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obsertting the influence of rubiazol on pyrexia. 'T:ò 
weight can be laid on the subsidence of occasional 
bouts of subfebrile pyrexia. The pyrexia should be 
persistent after weeks of rest in the sanatorium and 
despite all treatment. If such a temperature becomes 
normal under a new line of treatment it is suggestive, 
if not conclusive, that that treatment is beneficial. 
The effect of rubiazol on a persistent ter:pera- 
ture can be seen in the charts of the first three case 
above described (plates, VI., VIII., and IX.) All 
three had bilateral disease and very rapid sedimenta- 
tion rates. All had tubercle bacilli in their sputum 
and the sputum was particularly profuse in cases 1 and 
3. 
The findings were as follows:- 
Case 1. The temperature altered slightly in char- 
acter so that there was a greater disparity between 
the morning and evening.readings: the continuous low - 
grade temperature became an intermittent one .with nor - 
mal readings in the morning and subfebrile or mildly 
febrile excursions at night. 
Case 2. T-o effect apparent for a fortnight but. 
there was a definite tendency to abate during the last 
three weeks, so that the morning temperature was normal 
and the evening one either nor mal or subfebrile. 
Case 3. The temperature, which was previously ap- 
parently tendin to settle, continued to subside but 
did not become entirely stable slight evening rises 
of temperature often appeared though the morning readi 
Na consistently normal. Before rubiazol the morning 
to :. -perature was usually above normal. 
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The temperatures were taken by the oral Method 
or a minimum period of five minutes. Each patient 
ad a thermometer which he used exclusively for him- 
self. ;:inch routine was found to give more reliable 
ecords. 
One may be justified in saying that there result- 
ed from the rubiazol a slightly sedative action on the 
yrexia in the above cases. a,nd what is the explana- 
ion ? 
Koch thought a temperature of over 100.4° was due 
o the presence of septic organisms (and consequently 
hould be taken as a contra -indication for tuberculin), 
ut it is questionable whether the advent of mixed in 
ection can be diagnosed b the temperature chart. 
here is no doubt that typical hectic fever is seen in 
ases of tuberculous peritonitis, pleurisy etc., where 
ost.mortem examination shows simply tuberculous diseas 
ingston Fowler (1921) said, 'The parrot cry of mixed 
refection does not come from the pathologists". And 
gain nhe : to 'm.''mired "infection' has no place in r ela- 
ion to pulmonary tuberculosis, but of course other 
rganisms are present in the lungs when breaking down 
f the lesions and the formation of cavities is in pro 
Tess." 
The temperature did not settle completely in any 
f the three cases in question.The tuberculous lesions 
remained active, but if the thermometer be an accurate 
auge of activity then the activity was reduced. Might 
rot the reduction of activity be due solely to an action 
f t_e rubiazol on organisms other than the tubercle 
1 
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bacillus 7 I think this was probably the case. 
In all three cases, .particularly cases Land 
3 with profuse sputum and clinic. ::1 and radiological 
evidence of cavitation, septic organisms were not only 
suspected as being present but were also demonstrated 
in the sputum examination. 
Following the rubiazol no alteration in the 
saprophyte content of the sputum was noted in Case 1 
but a definite improvement was evident in Cases 2 and . 
Effect on the sputum: 
By way of confirmation, in the latter two cases 
(2 and 3) there was marked decrease in the sputum 
pointing to lessened breakdown of tissue and probably 
lessened activity of septic organisms. This decrease 
in sputum was only temporary and not sustained in case 
1,as if tissue destruction were but momentarily, checke 
Even so, perhaps that transient arrest accounted for t 
altered form of temperature which was noted. 
It may have appeared in the description of the 
various cases that overemphasis has been laid on the 
quantity of sputum expectorated as opposed to the 
resence or absence of tubercle bacilli in the sputum. 
he reason is not far to seek. It was most exceptional 
find tubercle bacilli disappearing after rubiazol. 
The presence or absence of tubercle bacilli in the 
utum is of course of great importance. For example 
returns from the Forster Green Hospital Belfast (Clarke 
i'eferririg to 700 patients in the hospital: over ten years 
I 
igo, showed at the end of the sixth year after that of 
.ischarge that 72.5 per cent. of those without tubercle 
), 
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bacilli in their sputum were G1 ive, but only 22 per 
cent. of the rest. 
At the time of giving rubiazol only ten of my 
eighteen patients had any sputum. Three of these had 
little but some had fairly profuse amounts containing 
tubercle bacilli in every instance. After rubiazol there 
was a significant reduction in quantity of the sputum 
whereever the disease was running an acute course, 
(cases 1, 2 and 3 who were febrile and 8 who were 
very toxic), but no alteration when the disease was 
chronic with a normal or subfebrile temperature 
(cases 4, 7 and 17.) 
The latter three chronic cases all had cavities, 
while streptococci and other saprophytes were demon - 
strated in their sputa both before and after rubiazol. 
The acute cases likewise exhibited cavity formation, 
but though only one showed disappearance of tubercle 
bacilli, three out of the four showed disappearance of 
streptococci. 
This rather anomalous finding was after all in 
keeping with what one had expected theoretically. As 
I have already pointed out, - sulphanilamide or allied 
blood -borne drugs should act with maximum effect in 
acute Qr. rapidly spreading disease: under such cir- 
cumstances the invading organisms will be mo st acces- 
sible to the bactericidal influence of 'the drug as th 
latter circulates in the hyperaemic zones around the 
lesions. 
The findings suggest that the action of the rubia 
zol was on the secondary infecting organisms and 
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particularly streptococci in the sputum and not on 
the tubercle bacilli. But whether or not this be 
true the conclusion ià the sane, namely that sulphan- 
ilamide causes a decrease in sputum in acute febrile 
cases with copious sputum yet has no effect in simi- 
lar chronic cases who have normal or mildly subfebrile 
te,1ip eratur e s . 
Effect on the Height: 
Gain in w eight in afebrile patients with a good 
appetite is a good sign. But occasionally a patient 
holds his own, or even gains, despite fever. In suc 
cases the thermometer should be the guide and not 
the scales. 
Too :much importance may be attached to the weight 
in forming a prognosis or in assessing the benefit 
of a particular line of treatment. 
Of the patients who received rubiazol, six were 
gaining weight when the drug was started: end, of 
these six, four continued to gain at the same rate) 
one remained stationary, and one lost weight temporar- 
ily (due to intolerance to gold which was also being 
given). Out of ten patients who had not been gaining 
weight previously, six began to gain and continued t 
do so vv hen the drug was stopped, two gained for one 
week but relapsed the next week, and two remained at 
the same weight. 
On the whole therefore it may be said that rubia- 
zol seemed to have a beneficial effect on the weight. 
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Effect on the Pulse -Rate: 
Maurice Fishberg (1932) wrote:- "Excepting in 
heart disease and hyperthyroidism, no disease can be 
evaluated prognostically with the same degree of ac- 
curacy by the pulse -rate as chronic phthisis." Pro - 
bably most people will agree with this statement, and 
few will dispute that "the outlook is good in chronic 
cases with slow pulse." 
IÍ` the pulse be slowed under-the influence of 
sulphanilamide - does that indicate an, improved 
prognosis ? If the slowing remain after the drug is 
discontinued the answer should be in the affirmative.' 
That, I think, is not an unreasonable conclusion. 
In point of fact the pulse rate was noticeably 
slowed in only seven of the eighteen cases tó whom 
the rubiazol was given, and these seven (cases 1, 2) 
3, 5, 6, 12 and 14) were the more acute cases, all of 
whom were febrile on admission to hospital; all had 
bilateral exudative lesions except one (case 14), who 
had abdominal tuberculosis with pleural effusion.. 
There was no slowing of the pulse in the more chronic 
cases. 
The pulse -rate seemed to be a more accurate measure 
of improvement than did the sedimentation rate or any 
other index. It was indeed the same seven patients who, 
all things considered, seemed to benefit most from 
the rubiazol. 
Of the reaining eleven cases, four had pulse -rat s 
of approximately 80 beats per minute, a figure which 
might be considered within normal limits, but which 
196. 
was not altered in any respect by rubiazol. 
In every instance where the pulse -rate was per - 
sistently in the region of 100 or more per minute there 
was improvement with rubiazol. To quote an arbitrary 
figure it seemed that a pulséj rate in excess of 95 
was an indication for the use of sulphanilamide. 
This conclusion is of course reaffirmation of the 
previous opinion that a febrile temperature, profuse 
sputum and actively spreading disease would probably 
i.zprove under the influence of sulphanilamide. 
Effect on the Radiological Avpearance: 
Tuberculosis being essentially.a chronic disease, 
the x -ray appearances are unlikely to change rapidly 
unless there is a sudden change for the worse,. 
Startling alteration was not expected, nor was 
it seen, in the patienta who were given rubiazol. 
X -ray plates were, in most instances, taken at the 
beginning and end of the time that the drug was given. 
So slight was the alteration that I adjudged it to be 
superfluous to inclued both plates in the description 
of any one case. 
In the broncho- pneurkonic ar. acutely spreading 
lesions the speed of dissemination seemed in the x -ray 
to be checked (cases 1 and 3), but there was little 
evidence of reactionary fibrosis. Otherwise there 
was nothing positive to report o 
Effect on the symptoms and Toxic Effects: 
Sulphanilamide is not a symptomatic remedy. It 
may relieve multiple symptoms by destroying the causal 
organism. It may cause a number of undesirable 
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symptoms or side eff ects by way of its toxicity. But 
in the present series transient cyaroais in one case, 
and, incidentally in the aalre case, a aparJatinaforn._ 
rash disappearing spontaneously after two days 
these were the only untoward effects recorded which 
were probably attributable to the drug. Ione of the 
patiente complained: of feeling light -headed, dizzy, - 
de- reared or otherwise upset by the rubiazol. 
Increased appetite and a sense of well -being 
were noted by several patients but such do not form 
convincing evidence of improvement. 
Effect on the Physical Signs : - . 
The physical signs in pulmonary tuberculosis 
do not Undergo a rapid change, but a periodic...exámiria- 
tion of the chest can furnish certain useful inforina- 
tiori. Attention should be focussed particularly on 
the number, type, situation and extent of the accompan 
iments, since the presence of these is evidence of 
active disease. Increase in number, appearance over 
a wider area or in a new site, these are indicative of 
adverse progress. Conversely, diminution in number 
or extent of adventitia is suggestive of improvement. 
All kinus of riles - sonorous, sibilant, crepitan.t, 
subcrepitant, consonating etc - are met with during 
the course of the disease, and each variety has some 
significance, indicating various pathological Condi- 
tions of the lung. 
With the onset of softening, the crepitant arid, 
at times, the fine subcrepitant rale can be discovered 
at the affected area. With advance of the disease 
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and with increased softening and liquefaction, the 
secretions become more and more copious, the size of the 
râles increases and one hears medium, large and coarse 
bubbling râle s and gurgles. 
Consonating râles arise under the same circum- 
stances as does bronchial breathing. They indicate 
that the area over which they are heard is either 
consolidated or excavated. 
It must have struck the reader how often I men- 
tioned that the moist accompaniments had become less 
pronounced after rubiazol.. This was particularly 
noticeable in six patients (cases 1, 2, 3, 5, 8 and 
10) and was certainly circumstantial evidence of im- 
provement being attributable to the drug. That it 
indicated a favourable effect there can be little dout . 
Effect on the Blood Picture: 
Many workers attach importance to the appearance f 
the blood picture in tuberculosis. They note in par- 
ticular the indentations or number of individual nuclei 
in the polymorphonuclear neutrophil': leucocytes. 
In healthy individuals there is a predominance' 
of forms with two or three nuclei, but in tuberculo- 
sis the predominance is of forms with one or with tw 
nuclei. The findings are represented im a variety 
of ways. Arneth counted the percentage of mononu- 
clear.s or forms with two, three, four or five nuclei - 
present. Von Bonsdorff's modification of this method 
is to count the nuclei of 100 polymorphonuclear leuco- 
cytes . He takes the normal as 275 nuclei per 100 cells. 
When there less than this it is called a shift to the 
199- 
eft and the prognosis is bad, whereas a shirt to the 
fight indicates a good prognosis. 
Further, an increase of monocytes and decrease 
of lymphocytes indicate activity. Increase of ,eosin - 
ophils indicates a good prognosis. 
Lymphocytes increase with healing, monocytes in 
crease with tubercle formation, and polymorphonuclear 
eucocytes when there is breaking down of tissue and 
suppuration. 
Such observations require considerable technical 
skill and they must be made solely by one observer if 
the maximum degree of accuracy in comparing a number 
of films be desired. 
The writer does not claim to ba a highly skilled 
aematologist, and partly for this reason alterations 
n the blood picture are not included as showing fav- 
urable effects from su;phanilamide. In addition as 
already been noted, sulphanilamide is apt to niter 
the differential white cell or Arneth counts even in 
.or.ral persons. But all the observations were made 
olely by the writer, and as they include more than 
ne hundred estimations each of the white -cell counts 
ifferential white cell count, von Bonsdorff index, 
aemoglobin e .timation, . and a considerable number of 
ed -cell counts, I feel it is justifiable to give a 
hort summary of the findings obtained from this mass 
f figures. 
In the accompanying chart (table 17 ) figures are 
iven for the von Bonsdorff index, in every case the 
'figures obtained both before and after rubiazol being 
200. 
shown: otherwise increase, decrease or no change is 
recorded. Under the heading of haemoglobin percen- 
tage, "unaltered" signifies a change of less than 5 
per cent, "slightly'' increased or decreased a change of 
5 to 10 per cent., "increased" or "decreased" a change 
of 10 to 20 per cent., and "marked" an alteration of 
over 20 per cent. 
Similarly an alteration in white blood cell count 
of 1000 to 3000 is designated as a "slight" change: 
less is considered "unaltered" and more than 3000 is 
called simply "increase or "decrease". In no instance 
did the white cell count alter by more than 5000 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The predominant findings were slight decrease in 
total white cell count, polymorphonuclear and large 
monounclear cells, with a slight increase in haemoglo- 
bin percentage,, lymphocytes and von Bonsdorff index, 
i.e. a shift to the right.' 
such evidence suggested improvement and might be 
taken to imply lessened suppuration and breakdown of 
tissue, lessened tubercle formation and increasing 
healing. 
It is dubious however whether this was the correct 
interpretation. Only six patients had totallAhite cell 
counts exceeding 9000 cells per cmm. The others had 
white counts which were approximately normal, and yet, 
under the influence of rubiazol, which dropped to 
levels approaching leucopenia. The lowest figure re- 
corded was 3600 (case no. 16), but even without dis- 
continuing the drug, after a further week, the readin 
was 4800. Similar fluctuations with recovery were 
seen in other cases. 
It seemed that, although the white cells and poly - 
morphonuclears in particular were decreased under rub - 
iazol, there was no grave clanger of agranulocytosis 
with this particular drug. The latter fact is of 
course claimed by the manufacturers. 
It has already been mentioned that one of the frac- 
tions which make up the tubercle bacillus is a satura- 
ted fatty -acid that stimulates connective tissue cells 
to producemonocytes and tWbbrcles. It was also men- 
tioned that studies of the action of sulphanilamdde in 
normal persons showed monocytosis to occur in about 
203. 
44 per cent. of cases (Burton and Howkins 1ß38). 
Thus both sulphanilamide and the tubercle bacillus 
tended to cause an increase in monocytes. But in 
the figures shown above there was normally a reduc- 
tion of monocytes (table 17 ') 
What is the explanation ? 
It was noted that sulphanilamide was more soluble 
in fatty than in aqueous solution (Finklestone- Bayliss 
i -937)^ I suggest that herein may like the key to 
the explanation. Might not the adsorption of sul- 
phanilamide (or rubiazol) by the fatty -acid fraction 
of the tubercle bacillus interfere with its stimulus 
to the produ ction of monocytes and tubercles ? 
:.Might not this hypothesis explain_ the findings of 
Rich and Follis that sulphanilamide in the guinea - 
pig retarded the appearance of macroscopie lesions 
in the spleen ? The experimental w ork of Birk - 
haig 14939) supports riy findings and hypothesis up t 
a point: he found that sulphanilamide caused a re- 
ductign of monocytes, increase of lymphocytes and re 
tarded tubercle formation in guinea -pigs suffering 
from tuberculosis. 
I think it is probable that sulphanilamide does 
exert an action directly on the tubercle bacillus 
and that the altered blood findings are not merely 
toxic effects of the drug or haematopoiesis. 
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Effect on the Blood áedir.rentation Rate. 
Before discussing the effect of rubiazol on 
the blood'sedimentaion rate in tuberculosis it is 
essential to review briefly the factors which. control 
the mechanism of sedimentation. 
The technique used at the Royal Victoria Hospit- 
al was that of Westergren. 1.6 c.cm. of blood is 
drawn into a syringe containing 0.4 c.cm. of a 3.8 
per cent. solution of sodium citrate as anticoagulant. 
The mixture is en tied into a specimen tube and some 
of it drawn up into a standard Westergren tube (2.5 
rain. in .diameter) to the zero mark, 200 mm. from the tip. 
The tube is set vertical in a stand and the level of 
the red cell column read after each hour for several 
hours. In men the normal rate is 3 to 5 mm. at the 
end of one hour,. and in women and children 4 to 7 mm. 
In active infections these rates are much increased 
and the investigation is of value in assessing the 
activity of an infection, particularly tuberculosis, 
chronic rheumatism and rheumatoid arthritis. 
There are many gau4es of error., In the first 
place the length of the column of blood should always 
be the same, because calculations based on the fall of 
the red cells as a percentage of the height of the 
column are not accurate during the first few hours. 
Miller (1936) states (1) That the fall is not 
equal in tubes of different lengths in the first few 
hours; (2) That the fall is only proportional to the 
length of the tube when a proportionately long time ha 
been allowed; (3) That there is an optimum time at 
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which each tube Should be read, and after this the 
increase in the fall occurs not because of the factors 
affecting the sedimentation rate, but owing to pack- 
ing of the red -cells froi4 their own weight. 
If the t °.:be is not absolgtely vertical the reading 
is misleading, for a slant in the tube of 5 degrees 
may make a difference of over 20 per cent. Again, 
the sedimentation rate iá affected by the red cell 
count and So an increase or decrease in the rate of 
fall- may be cLue to variation in the number of red cor- 
puscles. After haemorrhage there is an increased 
rate of fall in direct proportion to decrease in red 
corpuscles. Temperature has an effect on the sedimen- 
tatio n rate, so that the turning on or off of a radia- 
tor in the room may make a great difference. A fall 
of 40 mm. in a tube kept at 37° C was found to be only 
22 mm. in a column of the same height and of the same 
sample of blood kept at 12° C 
Lockett (1937) has described the variation of the 
erythrocyte fall under various conditions, and certain 
sources of error. For example, digestion affects the 
test considerably. :she found that the blood taken 
from one patient half an hour before a meal showed a 
drop of 24 mm. in the first hour, but blood of the 
same patient half an hour after the meal showed a 
drop of 36 mm. 3xercise must be taken into account. 
Burrell (19937) quotes the case of a lady medical stu- 
dent who showed a fall of red-cells of 35 mm. in two 
hours in a column of 200 mm.., but of 52 an hour later 
after half an hour's tennis. The drop of 35 mm. in 
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two hours is high, but, he says, not uncommon in 
women who are apparartly healthy and who re :lain in 
good health. . 
In another young women in apparent health the 
sedimentation rate was taken every day for a month to 
show the effect of the menstrual cycle. At the onset of 
menstruation the fall after two hours was 60 mm., at 
the finish 55, and at mid -period 50, in a column of 
blood of 200 mm. 
Roche (1932) states that altitude renders the fall 
slower. He regards the test as a valuable guide to 
treatment and prognosis, and considers a fall of 4 to 
15 mm. from a 200 mm. column in one hour in men, or 
6 to 15 mm. in women, as a slight increase, a drop of 
15 to 30 as medium and 30 to 50 a great increase of 
the normal. 
Heaf (1926) noted that the rate of sedimentation 
was increased in cases in which the disease was ob- 
viously progressing and decreased in cases in which 
the lesion was healing. 
for 
Of 150 patients whom he w a.tched` from six to ten 
months it Was found that prognosis,_ based on a series f 
sedimentation tests was correct in 82 per cent. 
Cummins and Acland (1927) consider the sedimentation 
test is a useful guide in treatment, because if conduc- 
ed carefully it gives a rough indication of the 
patient's progress forwards or backwards, but that it 
is not a delicate test and may easily be misleading. 
Fishberg (1932) remarks that the extent of the 
lesion in'tuberculosis is not per se a factor in 
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increasing the sedimentation rate; even when an 
entire lobe is involved with cavities, the rate may b 
low as long as the process is quiescent. On the 
other hand, even with limited involvement, but of the 
exudative type of lesion, the acceleration will be pr 
pounced. In general in patients with healed lesions 
rate is normal., in quiescent cases slightly acceler- 
ated, while in acutely progressive cases, in exudative 
lesiona tending to spread, the sedimentation rate is 
rapid. 
If this statement were strictly true and if rubi- 
zol were most efficacious in exudative forms of tuber- 
culosis one would have expected to note the maximum 
benefit fróm the drug in all patients with very high s 
dimentation rates. But in the cases described this 
was not conclusively shown. Those who benefited mos 
from the drug had indeed rapid sedimentation rates 
(cases 1, 2, 3, 8 and 14), but others (cases, 4, 6, 7, 
-15, 16, 17 and 18) with equally rapid rates of sedime 
tation did not appreciably improve. 
The blood sedimentation rate seems dependent 
chiefly on the fibrinogen in the plasma, on the 
globulin to a smaller degree and on the red -cell con- 
tent to some extent. 
Noe ase suffered from haemoptysis during the in 
vestigation and the red -cell count and haemoglobin 
content were found to vary but little from week to 
week. The third factor was therefore relatively con- 
stant and could not be held responsible for marked 




Taking of food,. exercise.,;, alterations in tempera- 
ture, not setting the tube vertical, arid other fac- 
tors, mentioned as erroneously influencing the rate, 
were also excluded as .far as possible. 
It would have been helpful to know whether sulpha 
ilamide caused any alteration in the fibrinogen conte 
of the blood but such investigation is beyond the co s 
of this Thesis. The only enquiry, as I have mention 
ed, into the effect of sulphanilamide on the normal 
blood sedimentation rate (de Caires), suggested that 
produced an acceleration. 
An inference that one must draw is that the Sedi- 
mentation test is less valuable than are the pulse - 
rate, temperature or even quantity of sputum, as a 
guide to those cases which will respond to the use 
of sulphanilamide (rubiazol) . Not only were there 
cases with rapid sedimentation rates which íiid not 
improve with the drug, but there were other cases 
(e.g. cases 6 and 10) in whom remarkable reduction of 
the rate occurred under rubiazol - reduction out of 
all proportion to the degree of clinical improvement 
and a reduction often not maintained for more than 
one or two weeks. 
This finding leads naturally to consideration of 
the combined effect of gold a nd sulphanilamide on the 
seüimenta.tion rate it particular and on pulmonary 
tuberculosis in general. 
The Combined Effect of Gold and Rubiazol: 
`J:'his theoretically unsound association of chemo- 
therapeutic drugs was the source of most interesting 




given :both gold and rubiazol, but the trial was a fair 
one in only two cases. To summarize: - 
(1) Case 8, Showed profound slowing of the sedi- 
mentation rate after a fortnight of the combined ther- 
apyi he also showed. other signs of progress - lesene 
umoi ;t accompaniments, settling of temperature, decrease 
in sputum, disappearance of tubercle bacilli and great 
decrease in streptococci etc., continued gain in 
weight - indeed only his pulse -rate was unaltered and 
that was within normal limits. 
(2) Case 9: Rubiazol was started the day that 
gold was given for the last time (the patient having 
completed his course of crysotherapy). The sedirnenta 
tion rate fell from 9 to 7 and 7 to 5 after one and 
two weeks respectively . Thereafter, perha:14 because 
the effect of the gold had worn. off, there was no fur- 
ther fall though the r ate remained at the same level. 
There was no s ignificant effect on this patient's pro# 
ress. He had neither sputum nor moist riles .in the 
chest to act as indices of improvement. 
(3) Case 10: Showed a profound slowing of the 
sediientation rate after three weeks of gold and rubi- 
zol. He had previously had a complete .courSe of crys 
herapy alone. His weight and pulse -rate (about 90) v 
iaffected, but the moist adventitia in his chest were 
narkedly decreased. The sputum which was wall in 
.;count re i,ained negative for tubercle bacilli. - 
(4) Case 11., whose sedimentation rate had been 
' lling very well with gold alone, and who had gained 
such weight without any sign of lessened activity 
ere 
210. 
(moisture) in the lungs. The starting of rubiazol 
coincided with the appearance of symptoms indicating 
gold intolerance. Gold had to be discontinued, and 
although restarted after a week's interval rubiazol given 
alone was without significant effect. 
It is ridiculous to generalize from two c aces , uut 
cases 8 and 10 certainly suggest that gold and sulphan1 
ilarnide used conjointly will, after two or three weeks:, 
produce a remarkable and deceptive depression of the 
sedimentation rate. It is doubtful whether this fore- 
bodes an improved outlook for the patient. 
If these two drugs, both with some experimental 
evidence in support of their action on the tubercle 
bacillus, are given together - does one enhance the 
bacteriostatic action of the other? The idea leads to 
another speculation. 
Rheumatoid arthritis is a disease whose etiology 
is much disputed. The trend of modern opinion favours 
the view that the haemolytic streptococcus is, of all 
organisms, most probably that which plays a leading 
part in causation of the disease. Gold is widely used 
in treatment. 6ulphanilamide has been tried. But has 
one ever tried the two drugs together? 6ulphanila- 
aide is a specific for the haemolytic streptococcus: 
old acts in a questionable manner - perhaps by causing 
erifocal hyperaemia, perhaps as a catalyst, perhaps i 
.oi e other way. Gold might facilitate the action of 
ulphanilamide on the streptococcus. The allied use 
f the two drugs might, I believe, support my findings 
,egarding the action on the sedimentation rate and migh 
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produce a surprising therapeutic discovery. 
John Hunter said: "Don,t think, try", and Hazlitt 
said, "Prejudice is the child of ignorance ". .I sug- 
Lest it is worthy of a trial. 
U . 
, 
R ... , r. Y 
(1) The present investigation was stimulated by the 
absence of any publication concerning the use of sul- 
phanilamide in pulmonary tuberculosis. 
(2) The pathology of tuberculosis is review(edbriefly 
including a description of the tubercle bacillus and 
the process taking place in the lung after infection 
by the bacillus. 
(3) The avascular nature of the tubercle is a bar to 
successful chemotherapy, and fortthe same reason fib - 
roid - lesions are resistant. 
(4) Adequate contact between the focus and remedial 
agent can only be achieved by means of hyperaemic lung 
tissue: such conditions are fulfilled .best by rapidly 
spreading exgdative lesions with or w ithout cavitation 
(5) When there is rapid tissue destruction there is 
almost certainly mixed infection and this contributes 
to systemic disturbance. 
(6) Acute forms of Tuberculosis, particularly if bi- 
lateral, are the most lethal and least responsive to 
treatment. 
(7) The composition of sulphanilamide and allied, drug 
their favourable action on various micro -organisms, in- 
eluding, ah incorlpléte -badteriost .t c ;acti.ár on the tubercle 
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acillus are described: their toxic effects, influence 
n the blood and mode of action are discussed. 
(3) Present, day treatment of tuberculosis is reviewed. 
he results obtained are recorded and mention is made 
f the poUsibility of combining each method with sul- 
hanilamide. Collapse Therapy is relatively' ineffec- 
ive in bilateral disease, gold of doubtful use and 
ften too toxic, and tuberculin is both useless and 
engerous if there is much systemic upset. 
(9) The eighteen cases to whom rubiazol was given are 
escribed, and the effect of the drug is estimated by 
eference to its action on the temperature, pulse, 
veight, sputum, sedimentation rate etc. 
(1) Toxic effects were minimal - transient cyanosis and 
scarlatiniform rash - both disappearing without stop - 
ing treatment. Rubiazol is probably the safest form 
f sulphanilamide for use over a prolonger period, but 
requent examinations of the blood are essential to 
void possible agranulocytosis. 
(11) Certain blood changes occurred and it is suggested. 
hat these may have resulted indirectly from action of 
ubiazol on the tubercle bacillus itself. 
(12) The sedimentation rate is not a very precise 
,:sea: ure of, improvement. Profound alterations in the 
to follow the use of gold and rubiazol together. 
13) It is suggested that trial of-gold and sulphanlia 
ni:e should be made in treatment of rheumatoid arthritis. 
(14) The action of sulphanilamide in tuberculosis is 
fainly on the secondary infecting organisms - especiall 
the streptococci. 
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(15) Presence in the sputum of streptococci or other +rgan- 
is.rus than the tubercle bacillus is not, per se, an ifl- 
ication for, use of sulphanilauaide. There must be 
evidence of their activity.. 
(16) Indications for sulphanilamide are: rapidly 
spreading exudative tuberculosis, with or without 
avitiea, a pulse -rate in excess of 95, temperature 
00 °F or more, copious sputum containing streptococci 
etc., numerous moist r áles and a rapid sedimentation 
sate. 
(17) speedy improvement in recent tuberculous pleural 
effusion suggests a possible use for sulphanilamide in 
this condition, and other early lesions which evoke 
yrexia and tachycardia. 
(lb) Sulphanilamide is useless in chronic and indolent 
orms of tuberculosis unassociated with systemic dis- 
urbanoe. 
CONCLUSION. 
Eighteen cases of pleuro- pulmonary tuberculosis 
Jere treated with rubiazol a compound closely similar 
to sulphanilamide. Some of t he cases seemed to derive 
ehefit. It is suggested that sulphanilamide is of 
host use in active lesions with mixed infection. The 
'rug may be of special service in patients for whom col 
apse therapy, gold and other forms of treatment cannot 
be used. 
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